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Wiroc0gia Biov xuvBepynrns, the Phi Beta 
Kappa motto, is sometimes interpreted, 
“Philosophy, the guide (or helmsman) of 
life.” Do you believe this? Have you ever 
practiced it? Do you hope to do so? We must 
admit certain latent questions as to the 
modern meaning of the motto. 

In the first place, is philosophy to be re- 
garded in this instance as the guide or as a 
guide? In view of the existence of a definite 
article in the Greek language and its omis- 
sion in the Phi Beta Kappa motto, one 
might argue in favor of the indefinite article. 
As in English titles, however, articles may 
be omitted for brevity. Moreover, the Eng- 
lish statement probably existed prior to the 
Greek translation. Regardless of these fine 
grammatical points, I prefer the indefinite 
article in view of my own interpretation of 
the whole phrase. Let us consider what is 
meant by a guide in this connection. Is a 
guide a person who takes you by the hand 
and leads you step by step all the way? Or 
is it a guide rail, which controls the actual 
path? Is one to understand merely a guide 
post, that indicates the general direction? 
I would use the word guide here in the sense 
that if you choose a certain goal philosophy 
will direct you along the way toward that 
goal, but that philosophy itself is unable to 
assist you in selecting the particular goal 
that you may need for life. 

What is meant by the term philosophy? 
Whatever the word might have meant in 
1776, when the secret, social, and literary 
club called Phi Beta Kappa was first 
founded, it undoubtedly connotes something 
different today. The question is how this 


' Based upon Phi Beta Kappa Addresses given 
at the University of Kentucky and at Kenyon 
College. 
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motto was related to college education then 
and how it may be related now. 

Ordinarily we would start by reviewing 
the records of the specific courses given in 
1776 at the College of William and Mary 
(founded in 1693 under the aegis of the 
Church of England). Unfortunately one of 
the fires there has left no trace. We do know, 
however, that prior to the American Revo- 
lution, there were three schools in the college: 
a grammar school, a philosophy school 
(moral, mental, and natural philosophy), 
and a divinity school—in addition to an In- 
dian school endowed by the amateur scien- 
tist Robert Boyle. The Reverend James 
Madison, later to be the first bishop of the 
Protestant Episcopal Church in Virginia, 
became professor of natural philosophy in 
1773 and president in 1777. Cousin of James 
Madison, President of the United States, 
he was apparently the only professor of 
philosophy at the school during the Revolu- 
tion. It will be recalled that he succeeded 
Dr. William Small of Scotland, of whom 
Thomas Jefferson spoke so gratefully in his 
autobiography as the one who had intro- 
duced him in his senior year to his “first 
views of the expansion of science and the 
system of things in which we are placed.” 
His appointment, said Jefferson, “was my 
great good fortune and what probably fixed 
the destinies of my life.’’ Hence we see that 
natural philosophy was highly significant 
for the group founding Phi Beta Kappa. 
Whatever change in philosophy, moreover, 
has taken place since those Colonial days 
has been primarily in natural philosophy— 
owing largely, of course, to the rise and 
growth of science. Philosophy itself has been 
colored by the scientific environment like 
Aesop’s chameleon. In this connection, 





362 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


therefore, let us view in outline form the 
three great historic relationships of western 
philosophy and science, all of which are ex- 
tant in modern culture like the stars of the 
time-integrated sky. 

First, there was the age of speculative sci- 
ence beginning in the sixth century, B. C. 
We recall Thales of Miletos, who has been 
called by some the father of philosophy and 
by others the father of physics (the Greek 
dios, ‘“physis,’”’ meaning nature). Philoso- 
phy itself has been called ‘‘the mother of 
the sciences.”’ Thales sought the nature of 
things (rerum natura) in material causes; 
he speculated about nature—what we might 
properly designate ifi later terminology 
natural philosophy. He was, indeed, the 
only one of the seven Greek sages (such as 
Solon) interested in natural philosophy. In 
the Raphael rooms of the Vatican Palace of 
Nicholas V, the celebrated mural “School of 
Athens,”’ shows at its center old Plato look- 
ing heavenward and young Aristotle point- 
ing earthward, but symbolic philosophy, 
with First Motion (astronomy) on the ceil- 
ing, is dressed in the colors of the four ele- 
ments—suggestive of natural philosophy. 

The fifth century Athens of Plato and of 
his teacher Socrates, however, placed its em- 
phasis upon moral and spiritual values, 
rather than upon natural philosophy. It is 
ironic that Socrates in particular was later 
indicted for not paying attention to the 
gods and for corrupting the Athenian youth. 
Socrates’ crime consisted in his attempt to 
make people think logically. In the ‘‘Clouds”’ 
of Aristophanes, Socrates is supposed to 
make the worse cause appear the better for 
a small fee in his phronisterium (thinking 
laboratory). Whereas this was made a popu- 
lar joke by the comic poets in 422 B. C., it 
cost Socrates his life in 399 B. C. During this 
period philosophy became associated with 
knowledge of the good (summum bonum) 
and the life of a philosopher with that of the 
good life so that Plato identified the best of 
philosophers with the king. 

In the Republic (VII) Plato asks what 
subjects should be taught young men pre- 
paring for government service. Astronomy 
is one answer! Why? Because of its use in 
agriculture? Because of its use in naviga- 
tion? By no means, rather because astronomy 
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deals with celestial matters, which are quite 
different from terrestrial ones: for example, 
planets were regarded as being moved by 
divine beings. Such spiritual contemplation, 
therefore, will assist in making a good citi- 
zen. In Xenophon’s Memorabilia of Socrates 
the latter is reported as saying that he saw no 
practical profit in the study of astronomy. 
The emphasis of Plato was on ideas beyond 
material representation, or forms in material 
things. A gap existed between the theoretical 
(viewing) and the practical (doing). Poetry, 
indeed, was regarded as being closer to the 
truth than history insofar as it deals more 
with the universal rather than with the par- 
ticular. In the Republic, however, poetry 
was admitted only through a paralyzing 
censorship. Art, too, being primarily a copy 
in those days was regarded as imperfect, that 
is, less real. It is not surprising that the gap 
was first recognized later in popular as- 
tronomy where observations first became 
significant. 

Aristotle, however, was concerned both 
with direct knowledge and with intelligible 
concepts (i.e., both phenomena and noum- 
ena). In his ‘‘Physica” he sought to interpret 
movements (including some factual mis- 
takes) in terms of four so-called causes: ma- 
terial, formal, initiating (efficient), final. 
The physics of Aristotle might be regarded 
today as similar to modern philosophy of 
physics, namely, an attempt to integrate our 
knowledge of physical phenomena. In this 
sense J. Maritain is correct in claiming that 
“Aristotle was the true founder of physics.” 
His ‘“Metaphysica” or “‘first philosophy” 
was concerned primarily with form as the 
intelligible aspect of a thing. All in all, both 
science and philosophy in the Greek period 
were essentially speculative and _indistin- 
guishable. 

The second period of the relationship of 
philosophy and science may be labeled the 
age of rational science. We recall that in St. 
Thomas Aquinas’ scholasticism science is 
actually regarded as being more inclusive 
than philosophy inasmuch as it involves not 
only reason (natural theology) but also reve- 
lation (sacred theology). Hence the picture 
opposite the School of Athens (philosophy) 
is appropriately the Apothesis of the Sacra- 
ment (theology)—the two murals combining 
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DECEMBER 1955 SEEGER: ON THE 
to symbolize all the true. Even seventeenth 
century scientists such as Galileo and New- 
ton, regarded their scientific investigations 
as part of their philosophical studies. As P. 
Frank notes, however, it was I. Kant who 
actually caused the unnatural divorce be- 
tween philosophy and science in postulating 
transcendental knowledge acquired a priori 
so that many nowadays use the term meta- 
physics only for those statements that can- 
not be checked by the methods of modern 
science proper (cf. Critique of practical rea- 
son, 1788). In this connection, one is re- 
minded of Milton’s conversation between 
Adam and the Archangel Raphael as to 
whether the Ptolemaic or Copernican hy- 
pothesis is correct. Said Raphael, ‘‘Only God 
can know this and human beings should not 
even ask.”’ In general the Greek gap between 
the practical and the theoretical was further 
extended to separate science and philosophy. 
In modern times, the attitude of scholastics 
is preserved in the viewpoints of neo-Thom- 
ists following Pope Leo XIII’s encyclical 
Aeterni Patris and of individuals such as A. 
N. Whitehead. This scholastic distinction 
between the metaphysical and the scientific, 
however, is not in the spirit of the Dewey 
criticism of ‘‘two spheres, not hemispheres,”’ 
but rather in the sense of a single metaphysi- 
cal sphere enclosing a scientific core. The 
important problem has always been the 
nature and location of the boundary of the 
inner sphere. 

A third age in the development of philoso- 
phy and science may be called the age of 
experiential science. If we consider science 
to be the whole of that systematized knowl- 
edge tested by logic with observations in 
order to check consistently with natural 
phenomena, then we may think of philoso- 
phy as the integrator of that knowledge. On 
this basis, then, one can speak properly of a 
philosophy of physics. In modern times it 
has been proposed that science itself may be 
the integrator. Thus positivism claims 
“physical science has no other foundation 
than the measurements on which the struc- 
ture is erected,” so that modern science is 
here regarded per se as a philosophy of na- 
ture (cf. instrumentalism, where ideas are 
regarded, not as an end in themselves, but 
rather as a means for obtaining a specific 
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answer to a given problem). From this view- 
point an attempt at integration by any other 
method may be spoken of derogatorily as 
metaphysics. For example, J. Dewey insists 
that “metaphysics is a rationalization of the 
aspirations of human groups.”’ In his Recon- 
struction of philosophy (1920, 1948), he 
claims ‘‘the reconstruction ...is to carry 
over into any inquiry into human and moral 
subjects the kind of method by which under- 
standing of physical nature has been brought 
to its present pitch.” In this sense, therefore, 
we have science without metaphysics, or if 
you prefer, the two spheres have merged into 
a single sphere of science in contrast with the 
single sphere of philosophy and science in the 
speculative age. 

Having reviewed these historical relation- 
ships between philosophy and science, let us 
now consider the possible role of modern 
science in education. Very properly we 
should begin with the liberal arts, those arts 
which in the Roman sense were worthy of a 
free man, or which in an idealized sense 
today enable a man to be intellectually free, 
but strictly distinguished even now from the 
fine arts and from the practical arts. In 
medieval times liberal arts took the form 
of the knowledge common to the cross 
roads, i.e., the trivium (grammar, rhetoric, 
logic—or, in modern terms, reading, 
writing, thinking) in the grammar schools 
of the Cathedrals, and then the quadrivium 
(arithmetic, geometry, music, and as- 
tronomy). Beyond these studies higher 
education consisted of ethics, metaphysics, 
and theology. It is interesting that one sci- 
ence was sufficiently highly developed to be 
included in these original liberal arts, 
namely, astronomy, dedicated to the muse 
Urania, daughter of Mnemosyne (memory), 
although this platonic astronomy is hardly 
to be considered science in the present-day 
usage of that term. It is noteworthy that 
music also connoted essentially the arithme- 
tic of Pythagorean acoustics so that the 
quadrivium was fundamentally mathemat- 
ics. J. J. Walsh stressed in his “Education of 
the Founding Fathers of the Republic’ 
(1935): “‘scholasticism constituted the prin- 
cipal part of the curriculum in the culminat- 
ing years of the college course... their 
education was not taken up with the idea 
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that it would help them through the world, 
but that it would broaden and deepen their 
intellectual lives and give them an interest 
for ever afterward in the things of the mind”’. 
“Their thorough-going conviction was that 
the all-important function of the college was 
to make men better and above all better 
citizens.” 

Science (pure) is strictly a liberal art and is 
so regarded in modern dictionaries along 
with language, philosophy, and _ history. 
Nevertheless, the average college person, I 
believe, regards literature as being more 
liberal than mathematics or science. Fre- 
quently, indeed, the liberal arts today are 
sharply differentiated from the sciences. 
Thus in the Saturday Review for May 9, 
1953, in an article on ‘‘Liberal Arts at Mid- 
Century,” President A. W. Griswold of Yale 
University complains ‘‘the liberal arts are 
in trouble ...the liberal arts are in retreat 
before the sciences.”? In the Handbook of 
Phi Beta Kappa, moreover, one finds the 
phrase, “the liberal arts and sciences.” I 
wrote to the Phi Beta Kappa headquarters 
in Williamsburg some time ago to ascertain 
if a distinction is being made here between 
the liberal arts and the sciences. On the con- 
trary, I was assured, the addition of the word 
sciences was ‘“‘to make sure the inclusion of 
the sciences is understood.’”’ It is not obvious 
to me that a phrase like “boys and girls” 
indicates that girls are strictly to be consid- 
ered boys. We find the journal The American 
Scholar (Phi Beta Kappa) having to be sup- 
plemented by a journal called The American 
Scientist (Sigma Xi). Moreover, in the book 
edited by M. Curtis on American scholarship 
in the 20th century, we note the omission of 
all science. My own (limited) experience in 
attempting to convince faculty teachers of 
the humanities that physics can be genu- 
inely regarded as a liberal art has discour- 
aged me from carrying on this missionary 
propaganda against wide ignorance and deep 
prejudice. Apparently tradition has covered 
the phrase “‘liberal arts” with an ivory-tower 
moss, and modern technology has covered 
the word “science” with a factual haze. 


Accordingly, I believe it may be preferable 
to employ a phrase which is new and distinc- 
tive. In this connection, I should like to 
suggest the term “liberal sciences’? (used 


first by Francis Bacon), which I will define 
in my own way. As Humpty Dumpty said to 
Alice, ‘‘When I use a word, it means just 
what I choose it to mean, neither more or 
less.’”’ The liberal sciences in my terminology 
are to be understood as being worthy of a 
man intellectually free in our modern scien- 
tific world. They are to be so regarded in the 
spirit of Bacon, who warned against the 
spider spinning webs of pure reason and of 
the ant collecting facts from pure empiricism, 
and who recommended the bee uncovering 
treasures from modified experiences. Let us 
now consider the possible role of the liberal 
sciences in modern education. 

Science has often been regarded as merely 
common sense. Insofar as this is true, it must 
be remembered that the common sense about 
nature today is largely the residue of the 
uncommon science of yesterday. The star- 
tling character of science is the challenge of 
what has been regarded as commonplace. 
We shall note here a few instances, several 
of which are cited by P. Frank in his essay 
“What Teachers of General-Education 
Courses in the Sciences Should Know about 
Philosophy.” 

In the first place, it is evident to everyone 
that the sun rises in the east and sets in the 
west. Hence. the Ptolemaic theory of the sun 
moving about the earth was long regarded 
as being naturally true whereas the Coper- 
nican concept of the earth moving around 
the sun was difficult to imagine and was 
actually rejected by Bacon as being con- 
trary to common sense. Still harder to con- 
ceive is the later understanding that both 
bodies move around each other. 

Secondly, the idea of inertia, which seems 
natural to our children today, was not re- 
garded as common sense by even adult 
Greeks. To them everything had its place; a 
force was required to change things moving 
naturally to their places. Hence motion along 
a trajectory was regarded as being initiated 
and continued by the action of a force. Gali- 
leo’s idea that a ball rolling in a horizontal 
plane will continue so to move unless a force 
stops it was a startling innovation. Everyday 
observation. indicates that such a ball will 
naturally stop. 

Again, most of us believe that we know 
when two things happen at the same time, 
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that is, when events are simultaneous. Let 
us consider a thoughtful Einstein experi- 
ment. Imagine a trailer with a candle exactly 
at its center. A girl lights the candle. Will 
the candle light reach the front end of the 
trailer before it reaches the back, or vice 
versa? Well, if the distances are exactly the 
same and if light always travels in vacuo 
with the same speed (an experimental fact), 
it is obvious to the girl inside the trailer that 
the candle light will strike the two walls 
simultaneously. I forgot to mention, how- 
ever, that the trailer is moving. A person 
standing on the road notices the girl lighting 
the candle. It is equally obvious to him that 
the light will take longer to reach the front 
end of the trailer than the back end because 
the former is moving away from the spot 
where the candle was lighted whereas the 
latter is moving toward it. Here we have a 
phenomenon which observers under different 
conditions will regard in different ways, in 
one case as simultaneous and in the other 
case as not simultaneous. Relativity, which 
is based partly upon the experimental fact 
that light always travels at the same speed 
regardless of the motion of the observer, has 
many such paradoxes in the interrelatedness 
of observed space and time. 

Let us consider now the so-called uncer- 
tainty principle. Ordinarily, we think of 
something as being somewhere and as hav- 
ing a definite velocity. Can we determine 
precisely the position and velocity simulta- 
neously? Of course, we know the limitation 
of material instruments, but we are consider- 
ing the question purely as one of principle. 
Now if I wish to locate anything, I use some 
kind of light. The more precise the location, 
the shorter the wavelength of the light 
needed! It turns out, however, that decreas- 
ing the wavelength of light increases the 
momentum of the impinging light corpuscle 
and renders the precise determination of the 
object’s velocity more difficult. Accordingly, 
one can either determine the position pre- 
cisely and the velocity approximately, or vice 
versa. One cannot determine simultaneously 
both the position and the velocity with ever 
increasing precision. The seriousness of this 
fact is that it limits our knowledge of mate- 
rial particles so that a physically causal 
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description of mechanical phenomena is no 
longer possible. 

Thus we see in these few examples the 
inadequacy of common sense for our under- 
standing of phenomena. As R. W. Emerson 
advised in 1837: ‘‘The scholar, following the 
ancient precept ‘Know Thyself’ and the 
modern precept ‘Study Nature,’ must inter- 
pret the distinctive new culture, for each 
age must write its own books yet he must 
act as well as think and write’’—what O. W. 
Holmes called our intellectual Declaration 
of Independence. It is quite impotrant that 
students in a world of science should be made 
aware of traditionally superstitious and 
superficial attitudes toward their own en- 
vironment. Free men nowadays must be free 
from scientific prejudices and intellectual 
narrowness; they must be free to appreciate 
uncommon observations of the old world of 
phenomena and strange concepts of the new 
world of science. 

In addition, it is necessary to introduce 
an integrator of knowledge in any educa- 
tional pattern whether this integrator be 
rational metaphysics or empirical science 
itself. It has been suggested by P. Frank, to 
whom I am indebted for so many searching 
insights, that the philosophy of science may 
well be a bridge linking scientific concepts to 
the general system of human concepts. He 
stresses that ‘“‘social environment has its 
bearing upon the formulation of principles 
of science.’ Thus in considering the valida- 
tion of scientific theories, one must include 
also the philosophical, political, and socio- 
logical factors as well as the technical ones 
what has been called the sociology of science. 

Finally, J. B. Conant, formerly President 
of Harvard University in his Education and 
liberty states: ‘What was called liberal edu- 
cation and is now known as general education 
—education for citizenship.” In the entire 
general-education movement of today, as 
well as in the liberal-arts movement of yes- 
terday,—not to mention the uncertainties 
of the social age with its atomic power—we 
have become increasingly aware of the need 
for a faith to live. The Greeks unfortunately 
were more interested in understanding the 
world than in changing it, as some modern 
educationalists are more concerned about 
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static adjustment ¢o life rather than dy- 
namic adjustment of life. Plato, indeed, 
recognized ‘‘the sad but inescapable fact that 
while you can teach an ignorant slave the 
beautiful but apparently useless science of 
geometry, Pericles himself could not teach 
his own sons how to live the good life.’’ As 
I. Kant has reminded us, ‘‘Man is not only 
an animal that knows, but one that acts and 
knows.”’ It has been well stated, however, 
by J. H. Randall and G. Buchler in their 
Philosophy: An introduction that ‘‘philoso- 
phy cannot cultivate a faith, only experience 
can do that... It can clarify the faith that 
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is already in him.” By the term faith, of 
course, I do not mean belief in spite of evi- 
dence, nor the will to believe in absence of 
evidence, but rather expectation resulting 
from evidence. It is my personal conviction 
that the liberal sciences can deepen one’s 
spiritual faith and thus contribute to educa- 
tion for world citizenship. 

The liberal sciences are important in edu- 
cation not only because of their contribution 
to the inadequacy of common sense, not only 
because they make possible a bridge to the 
humanities, but most of all because they 
exhibit a faithfulness of nature. 


PALEONTOLOGY .—The pelecypod family Corbiculidae in the Mesozoic of Europe 
and the Near East. RaymMonp Casey,' Geoiogical Survey of Great Britain. 
(Communicated by Alfred R. Loeblich, Jr.) 


(Received October 14, 1955) 


The family Corbiculidae, formerly called 
Cyrenidae, is an important element of the 
recent pelecypod fauna, its members being 
widely distributed in the rivers and estuar- 
ies of the world. Its fossil representatives 
are well known in the Tertiary and Upper 
Cretaceous, but when we recede to earlier 
Mesozoic time the record of the family be- 
comes obscure. Although the literature on 
the fresh-water and brackish-water deposits 
of the Lower Cretaceous and Jurassic con- 
tains many references to Cyrena (= Corbi- 
cula), most of these on subsequent investiga- 
tion have proved to relate to genera outside 
the scope of the Corbiculidae. Nevertheless, 
in the Far East true Corbiculidae, differing 
but little from Tertiary and Recent members 
of the family, were in existence already in the 
Lower Jurassic (Suzuki and Oyama, 1943). 
If these Lower Jurassic Corbiculidae are 
regarded as the ancestors of subsequent 
members of the family there arises the prob- 
lem that has always faced the evolutionist 
when dealing with fresh- or brackish-water 
organisms, namely, that of explaining the 


' Published by permission of the Director, 
Geological Survey of Great Britain. 


perpetuation and migration of genera denied 
the relative freedom of movement of marine 
stocks. As a solution to this problem, the 
possibility of the Corbiculidae being a poly- 
phyletic group which was from time to time 
replenished from independent marine sources 
should not be lightly dismissed. The purpose 
of the present paper is to draw attention to 
some Corbiculidae in the Lower Cretaceous 
of Europe and the Near East that show un- 
mistakable evidence of derivation from a ma- 
rine genus, Kocallista, of the Upper Jurassic. 
Since these forms can have no connection 
with earlier Corbiculid developments, they 
afford strong support for the hypothesis of 
polyphyletic origin of the Corbiculidae. 

This paper was prepared in connection 
with a study of Mesozoic Corbiculidae for 
the Treatise on invertebrate paleontology, and 
I am indebted to Dr. L. R. Cox of the British 
Museum (Natural History) and to Dr. F. W. 
Anderson of the Geological Survey of Great 
Britain for access to specimens in their 
charge.” 

2 Repositories of cited specimens are indicated 
by the symbols G.S.G.B. (Geological Survey of 


Great Britain) and B.M. (British Museum (Nat- 
ural History)). 
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DECEMBER 1955 CASEY: THE PELECYPOD 
SYSTEMATIC DESCRIPTIONS 


Family CorsicuLipAr (correction of 
Corbiculadae) Gray, 1847 (= 
Cyrenidae Gray, 1840) 

Genus Eocallista H. Douvillé, 1921 

Type species.—V enus brongniarti Roemer, Upper 
Jurassic (Portland beds), Europe; by original des- 
ignation (H. Douvillé, 1921: 124). 

Generic characters——Of small to medium size 
(rarely exceeding 30 mm in length), trigonal-ovate 
or cuneiform, posterior slope evenly rounded or 
flattened, a feeble umbonal ridge in the young; 
umbones moderately prominent, situated sub- 
central to well forward; beaks small, prosogyrous; 
no definite lunule or escutcheon; surface smooth 
or with subdued concentric ornament; pallial line 
truncated below the posterior adductor scar but 
not sinuate. Hinge of early cyrenoid type, formula: 

AI (III) 3a1 3b PI | 
All 2a 2b 4bPII ’ 
3a strongly prosocline; 1 triangular, slightly proso- 
cline, the apex rounded, directed toward the beak 
but removed from the cardinal margin; 3b acutely 
triangular, strongly opisthocline, obscurely bifid; 
2a formed by a thin, tapering, bent-up and slightly 
projecting portion of the lateral A II, strongly 
prosocline; 2b triangular, orthocline, situated di- 
rectly below the beak, the apex curved forwards to 
to contact 2a; 4b slender, gently curved or straight, 
strongly opisthocline; anterior laterals more or less 
straight; P I well removed from the cardinals, 
elongate; P II formed by a thickening of the hinge 
plate below the projected shell margin. 

Remarks.—There has been some uncertainty as 
to the systematic position of Eocallista. Most 
authors have followed H. Douvillé in regarding it 
as a primitive member of the Veneridae, though 
Cox (1947: 142) has included it in the Arcticidae 
(= Cyprinidae), from which family, via Jsocy- 
prina, it may well have been derived. The lack of a 
pallial sinus is against its association with the Ve- 
neridae, despite a strong resemblance to the Lower 
Cretaceous venerid Resatrix. It is now allocated 
to the Corbiculidae because of its obvious connec- 
tions with the brackish-water genus described 
below as Filosina. 

Subgenus Eocallista s.s. 

Subgeneric characters—Hinge with the cardinal 
teeth entire, except for an obscurely bifid 3b; an- 
terior laterals short, no A III. 

Remarks.—Eocallista s.s. first appears in the 
Middle Jurassic (Bathonian) but is best known 


FAMILY CORBICULIDAE 367 
from its occurrence in the Portland beds of the 
Upper Jurassic. A number of Corallian and Kim- 
meridgian species, such as “Cyprina” tancredifor- 
mis Blake and Hudleston and “Cyprina” implicata 
de Loriol, formerly referred to Eocallista, have 
since been assigned to Procyprina and Isocyprina 
(Casey, 1952: 136, 144). The al sence of Eocallista 
from these strictly marine, ammonite-bearing 
strata in Britain and its occurrence in beds (e.g., 
Sharp’s Hill beds, Upper Estuarine series, Forest 
Marble, Chert bed at top of Portland Roach and 
Portland Basal Shell Bed) where ammonites are 
either absent or very rare suggest that the genus 
may, while still marine, have preferred waters of 
less than normal salinity. : 


Hemicorbicula, n. subg. 

Type species—Cyclas parva J. de C. Sowerby, 
Upper Jurassic (Purbeck beds), Europe (= Astarte 
socialis d’Orbigny). 

Subgeneric characters.—Small Eocallista (usually 
less than 10 mm in length) ; hinge with tooth 1 bifid 
or concave, 2a entire or feebly grooved at the base, 
2b bifid, 4b grooved along the crest; anterior lat- 
erals long, with development of a rudimentary A 
Ill. 

Designation of a neotype for Cyclas parva J. de C. 
Sowerby.—Sowerby’s species was founded on ma- 
terial from the Purbeck beds of the Vale of War- 
dour, Wiltshire, submitted to him by W. H. Fitton, 
whose collection, formerly in the Geological Society 
of London, is now in the Geological Survey of 
Great Britain. The specimen figured by Sowerby 
(in Fitton, 1836: pl. xxi, fig. 7) does not appear to 
have survived, but there is abundant topotype 
material .available from which the characters of 
the species may be determined. It is proposed to 
make application to the International Commission 
on Zoological Nomenclature for recognition of the 
specimen indicated in Figs. 4 and 5 as neotype of 
Cyclas parva. This specimen is part of a small 
limestone block which is composed largely of molds 
of this little pelecypod. It was obtained by Fitton 
from the Purbeck Beds of Ladydown, Vale of 
Wardour, and is registered in the Geological Survey 
of Great Britain as Geol. Soc. Coll. 2698. 

Remarks.—Hemicorbicula is well represented in 
the brackish-water beds of the Middle Purbeck of 
southern England, especially in the Upper Building 
Stones and Corbula beds, where it is often suffi- 
ciently abundant to be a rock builder. Its usual 
faunal associates are Neomiodon, Corbula, and 
Modiolus. It has not been found either in the 
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marine intercalations of the Purbeck or in the part of the “Porltandien” of the Bas Boulonnais, 
purely fresh-water facies of that formation. Under northern France, where it occurs in myriads, axso- 
the synonymous name Astarte socialis d’Orbigny, ciated with ostracods, just as in the Vale of W ar- 
E. (H.) parva has been described from the topmost dour. The internal characters of Cyclas parva have 








Frias. 1-5.—Mesozotc CorBICcULIDAE 

1-3, Filosina gregaria, n. gen., n. sp., Lower Cretaceous (Upper Wealden beds), southern England: 
1, Side view of holotype, Wealden shales (12 feet below Perna bed), Atherfield Point, Isle of Wight 
(G.S.G.B. no. 86446) 1; 2, dorsal view of immature paratype showing ligament, Wealden Shales, 
Sandown, Isle of Wight (G.S.G.B. no. Zm 1825) X 2; 3, paratype slab showing typical field occurrence, 
Weald Clay, Sevenoaks, Kent (B.M. no. L 47044) X 1. 

4-5, Eocallista (Hemicorbicula) parva (J. de C. Sowerby), Upper Jurassic (Middle Purbeck beds), 
Ladydown, Vale of Wardour, Wiltshire: 4, Slab showing typical field occurrence. The specimen in the 
bottom righthand corner, indicated by the arrow, is here designated neotype (G.S.G.B. no. Geol. Soe. 
Coll. 2698) X 1; 5, outline drawing of neotype, X 2. 
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not been investigated previously and its relation- 
ship to the marine genus Eocallista has therefore 
passed unnoticed, as also its identity with d’Or- 
bigny’s Astarte socialis. To Hemicorbicula I would 
also refer Anisocardia intermedia de Loriol, another 
French “Portlandien” species which is also found 
in the English Middle Purbeck (e.g., G.S.G.B. 
86640). 

Morphologically, Hemicorbicula is intermediate 
between Focallista ss. and Filosina and could 
with equal propriety have been classified as a sub- 
genus of the latter. 

Filosina, n. gen. 

Type species.—F. gregaria, n. sp., Lower Creta- 
ceous (Wealden Shales and Weald Clay), southern 
England. 

Generic characters.—Trigonal-ovate or subrec- 
tangular, rounded in front, more or Jess truncated 
behind; umbones subcentral or anterior, moder- 
ately prominent; beaks small, prosogyrous; evenly 
inflated or with weak posterior angulation; no 
lunule or escutcheon; surface smooth or with con- 
centric riblets; nymphs finely rugose; pallial line 
truncated below the posterior adductor scar but 
not sinuate. Hinge cyrenoid with long, subequal 
laterals, faintly cross-striated; formula: 

Al III 3a 1 3b PI. 


“All 2. % 4b PII ’ 





cardinal teeth similar to those of Hemicorbicula in 
the young, but in the adult less widely splayed, 
with 2a and 1 separated from the laterals and with 
a tendency to become entire. 

Remarks.—Species from the Upper Wealden 
(Wealden Shales and Weald Clay) of southern 
England hitherto referred to Cyrena, Cyclas or Neo- 
miodon belong properly to Filosina. In these beds 
F. gregaria and F.. membranacea (J. de C. Sowerby) 
are the principal members of a recurrent brackish- 
water assemblage in which Paraglauconia, Ostrea, 
Corbula, and Nemocardium are also represented. 
This assemblage dominates the topmost beds of 
the Wealden and presumably foreshadows the 
marine transgression of the Aptian which put an 
end to Wealden conditions. In the Aptian of the 
Lebanon Filosina is represented by Corbicula (Ba- 
tissa?) hamlini Whitfield. Here it is associated with 
a rich, predominately marine, fauna, though the 
presence of both Filosina and Eomiodon in this 
fauna indicates waters of decreased salinity. It is 
interesting to note that Whitfield’s species was 
assigned doubtfully to Eocallista by Vokes (1946: 
193). 
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Filosina differs from Corbicula and Batissa and 
most other members of the Corbiculidae in its 
relatively weak posterior lateral dentition; the 
tooth P II is merged into the margin and P III is 
absent altogether. This alone provides contrast 
with such Cretaceous corbiculids as Fulpia Ste- 
phenson and Dentonia Stephenson of the Ceno- 
manian of North America. The genus or subgenus 
Veloritina Meek, based on Cyrena durkeei Meek of 
the Bear River Cretaceous of Wyoming, has a sim- 
ilar hinge but is a gibbous-trigonal form with 
deeply depressed lunular and ligamentary areas; 
it appears to be congeneric with the species from 
the Middle Jurassic of Japan (Tetori series) for 
which Suzuki and Oyama have proposed the name 
Mesocorbicula. A subelliptical or subcircular out- 
line and deep ascending pallial sinus distinguish 
Tetoria Kobayashi and Suzuki of the same horizon. 
The Japanese “‘Wealden” forms which these last 
authors have assigned to Paracorbicula and Isodo- 
mella are also distinct from Filosina; the former is 
obliquely ovate to subcircular and has crenulated 
posterior lateral teeth and a sinuated pallial line; 
the latter is distinguished chiefly by its subtrape- 
zoidal shape and long, wedge-shaped cardinal 
teeth. The Japanese Lower Cretaceous Cyrena 
radiostriatus Yabe and Nagao, for which Matsu- 
moto has introduced the subgeneric name Costocy- 
rena, is incompletely known but its combination of 
concentric and radial ornament claims taxonomic 
separation from typical Polymesoda and the other 
corbiculid genera here discussed. The genus Neo- 
miodon, with which Filosina has been generally 
confused, belongs to a different family and is dis- 
tinguished mainly by possessing only two cardinal 
teeth in each valve and duplicate posterior laterals 
in the right valve. 


Filosina gregaria, n. sp. 
Figs. 1-3; 6 c-p 


Type material——Holotype G.S.G.B. 86446, 
Wealden shales (12 feet below Perna bed), Ather- 
field Point, Isle of Wight; paratypes G.S.G.B. 
86445, 86447, Wealden Shales, Atherfield Point, 
Isle of Wight; G.S.G.B. Lm 1825, Wealden Shales, 
Sandown, Isle of Wight; G.S.G.B. 86441-86443, 
Weald Clay, Staplehurst, Kent; G.S.G.B. 86444, 
Weald Clay, Tonbridge, Kent; G.S.G.B. FD 
1760-1762, Weald Clay, Marden, Kent; G.S.G.B. 
L 1892, Weald Clay, Railway Cut, South of Red- 
hill Station, Surrey; B.M. 47044, Weald Clay, 
Sevenoaks, Kent. 
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Specific characters.—Trigonal-ovate Filosina of 
moderate and even inflation, up to 30 mm in 
length; umbo placed at anterior three-quarters of 
length; anterodorsal area only feebly excavated; 
anterior margin strongly convex, forming a con- 
tinuous curve with the moderately convex ventral 
margin; posterodorsal margin gently arched, 
steeply sloped to meet the low, truncated, or 
feebly rounded posterior extremity. 

Dimensions of holotype-—Length 28 mm, height 
25 mm, thickness (single valve) 6 mm. 

Remarks.—For a century and a quarter this 
species has been confused with Sowerby’s Cyclas 
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media, and under that name or as Cyrena med ‘a or 
Neomiodon medius it has been frequently cited in 
the literature. Sowerby’s species, the type of Veo- 
miodon, is a Purbeck shell, smaller, relatively 
elongate, and with a steep, flattened posterior 
slope. Limestones composed of the compacted 
valves of Filosina gregaria form pavements «long 
the foreshore at Atherfield Point and at Sandown, 
Isle of Wight, where the Wealden shales are 
washed by the sea. The species occurs similarly in 
myriads on various horizons in the Weald Clay of 
Kent, Surrey, and Sussex. Cyclas membranacea J. 
de C. Sowerby, also referable to Filosina, is a 








Fic. 6.—Hnces or Eocallista s.s., Hemicorbicula, N. SUBGEN., AND Filosina, N. GEN. 


A. Eocallista (Eocallista) pulchella (de Loriol), Upper Jurassic (Portland beds; chert bed at top of 
Portland Roach), Portland, Dorset, southern England. L.V., G.S.G.B. no. Y 1261; R.V., G.S.G.B. ao. 


Y 1271; both enlarged X 4.5. 


B. Eocallista (Hemicorbicula) parva (J. de C. Sowerby), Upper Jurassic (Middle Purbeck beds), be- 
tween depths of 678 feet and 678 feet 4 inches in D’Arey Exploration Company’s no. 1 Ashdown Well, 


Crowborough, Sussex, southern England. L.V., G.S.G.B. no. 86428; R.V., 


enlarged X 5. 


1.8.G.B. no. 86428; both 


C. Filosina gregaria, n. gen., n. sp. Immature paratypes. Lower Cretaceous (Upper Wealden beds; 
Weald Clay), Marden, Kent, southern England. L.V., G.S.G.B. no. FD 1760; R.V., G.S.G.B. no. FD 


1761; both enlarged X 5. 


D. Filosina gregaria, n. gen., n. sp. Adult paratypes. Lower Cretaceous (Upper Wealden beds), 


southern England. L.V. Weald Clay, Staplehurst, Kent, G.S.G.B. no. 86441; R.V. 


ealden Shales, Isle 


of Wight, B.M. no. L 63055; both slightly restored from other specimens and enlarged X 1.5. 
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smaller species with strongly convex ventral mar- 
gin and more distinctly truncated posterior end. 
F. hamlini (Whitfield) is easily distinguished by its 
subrectangular outline and stronger inflation. 

Hinge preparations have been made in a series of 
specimens of this species showing growth stages of 
6 mm upward. These have revealed important 
ontogenetic changes in dentition. Between 6 and 12 
mm length the dentition of F. gregaria differs from 
that of Hemicorbicula only in the following fea- 
tures: the anterior laterals are longer, there is a 
well developed A III, and the tooth 2a is invariably 
grooved, albeit feebly. With increase in growth, the 
cardinal teeth become less widely splayed, and in 
the adult the teeth 2a and 1 become distinctly 
separated from the parent laterals. Differc nt speci- 
mens show varying degrees of loss of the grooves on 
the cardinals; in general those of 4b and 2a are the 
first to disappear; 1 and 3b usually retain some 
vestige of a sulcus or concavity; 2b remains bifid 
throughout ontogeny. 


Nemetia, n. gen. 

Type species—Platopis triangularis Whitfield, 
Lower Cretaceous (Aptian), Syria. 

Generic characters.—Subtrigonal, moderately 
inflated shells, without lunule or escutcheon; 
umbones fairly prominent, beaks small and pro- 
sogyrous; a sharp angulation of the shell demar- 
cates a flattened posterior area; surface smooth or 
concentrically ornamented ; hinge similar to that of 
immature Filosina but with entire cardinals. 

Remarks.—The discovery by Vokes that his 
designation of P. plicata Whitfield as the type 
species of Platopis was invalid (Vokes 1952) leaves 
the taxon centered around P. plicata and P. 
triangularis in need of a name. The name Nemetia 
is here proposed for this taxon, to which is referred 
Platopis triangularis Whitfield, P. plicata Whit- 
field, P. whitfieldi Vokes, and Eocallista beiha 
Vokes, all from the Aptian of the Lebanon. The 
close relationship of Nemetia and Eocallista has 
been recognised by Vokes (1946, 1952). The prin- 
cipal features distinguishing Nemetia from Eocal- 
lista are the more trigonal outline and strong 
posterior angulation of the valves in the former 
genus; it also possesses longer anterior laterals and 
a distinct A IIT, and the tooth 1 is implanted in the 
centre of the hinge with its apex close to the cardi- 
nal margin. Externally, there is great resemblance 
to the carinated forms of the genus Pronoella 
(Arcticidae). 
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THE EVOLUTION OF FILOSINA AND NEMETIA 


Since the three taxa Kocallista s.s., Hemi- 
corbicula, and Filosina appear on successive 
geologic horizons and show progressive modi- 
fications in dentition, they are considered to 
form an evolutionary series. This series is 
regarded as part of a lineage converging 
toward the brackish-water Corbicula from 
an origin in the Arcticidae, a purely marine 
family. It shows a gradual elongation and 
strengthening of the anterior lateral denti- 
tion, while the cardinal teeth progress from 
the early cyrenoid to the fully cyrenoid po- 
sition and acquire the grooving. characteris- 
tic of the Corbiculidae. Only minor features 
of dentition distinguish the end term of this 
series—Filosina—from Corbicula _ itself, 
whose recorded range extends from the Mid- 
dle Jurassic to Recent (Suzuki and Oyama, 
1943: 140). The arcticid affinities of Eocal- 
lista have been acknowledged (Cox, 1947: 
142; Casey, 1952: 134) and it is significant 
that a member of the Arcticidae, Jsocyprina, 
gave rise in Lower Cretaceous times to the 
venerid Resatrix—a homoeomorph of Eocal- 
lista. When describing this genus Resatrix, 
I pointed out how its evolution from Jsocy- 
prina, via the Upper Jurassic subgenus 
Venericyprina, was achieved by deepening 
of the pallial sinus and by movement of the 
cardinal teeth from the cyprinoid to the 
cyrenoid position. In the process of transi- 
tion the anterior part of the tooth 2b (2b) 
was atrophied and eventually eliminated, 
though its remnants are still discernible in 
the early forms of Resatriz. Turning to 
Eocallista, we find that already in the Middle 
Jurassic it possessed an early cyrenoid hinge 
with no trace of a separate structure 2b). 
The pallial line remained unchanged, ex- 
hibiting a posterior truncation but no defi- 
nite sinus. These facts demonstrate the 
independent origin of EKocallista and Resatriz, 
but there are so many similarities in the 
evolution of Resatrix and that of the Eocal- 
lista-Filosina series that a common ancestry 
of both stocks in [socyprina seems probable. 
The same range of variation of external form 
is found in both stocks; in each case the pos- 
terior end of the shell becomes broadly 
truncated in the latest known members of 
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the lineage (compare F. hamlini Whitfield 
sp., as figured by Vokes, 1946, pl. 8, fig. 20, 
and Resatrix (Dosiniopsella) cantiana Casey, 
1952, pl. 8, fig. 3). The movements of the 
cardinal teeth into the fully cyrenoid position 
are precisely analogous in both cases. The 
hinge of the young Filosina (Fig. 6 C) shows 
many points of similarity with that of 
Barremian-Aptian species of Resatrix s.s.— 
the widely splayed cardinals, grooved 4b, 
partially bifid 2a, and the attachment of 2¢ 
and 1 to the laterals (see Casey, 1952, fig. 
76). The adult Filosina (Fig. 6 p) on the 
other hand, shows a stage of hinge develop- 
ment attained by a Lower Albian subgenus 
of Resatrix, Dosiniopsella (see Casey, 1952, 
fig. 75); the angle of radiation of the cardinal 
teeth is perceptibly narrowed; 2a and 1 are 
severed from the laterals, and the tooth 4b 
is entire. In both Filosina and Resatrix the 
laterals are cross-striated, but in the former 
genus these striations, like the nymphal 
rugosities, have been observed only in a few 
specimens of unusually good preservation, 
and it is not known at what stage they were 
introduced into the lineage. 

In the case of the Aptian genus Nemetia 
evidence of derivation is less satisfactory 
owing to lack of record during Purbeck and 
Wealden times. Its similarity in hinge char- 
acters to both LKocallista and Filosina sug- 
gests that it formed part of the same evolu- 
tionary plexus. 

The importance of the arcticid genus /so- 
cyprina, which is represented in the marine 
faunas from the Upper Triassic to Lower 
Cretaceous, has keen the subject of previous 
comment (Casey, 1952: 134). It appears to 
have played the role of a slowly evolving 
parent stock from which diverged successive 
offshoots with more advanced hinge struc- 
tures. Kocallista and Resairix are believed to 
be two such offshoots which pursued a more 
or less parallel course. The former, first 
recognized in the Middle Jurassic, was 
adaptable to waters of decreased salinity and 
in the Lower Cretaceous, now modified to 
Filosina, successfully colonized the brackish- 
water swamps of the Upper Wealden and 
left its record in the quasi-marine Aptian 
deposits of Syria. Nemetia is conceived of as 


VOL. 45, No. 12 


a divergence from Filosina; it probably 
lived under rather more saline conditions 
than did the Wealden species of Filosina, 
approximating to those favored by Eozcal- 
lista s.s., as is suggested by the preponder- 
ance of marine genera among its faunal 
associates. Resatrix appears at the base of 
the Cretaceous; it is the earliest known rep.- 
resentative of the Veneridae and is strictly 
marine. 

The subsequent history of Filosina and 
Nemetia and their relationship to later 
members of the Corbiculidae is not known. 
But if the views here expressed on their 
phylogeny are correct, two facts of great 
importance in the study of pelecypod evo- 
lution are indicated—(1) a correlation be- 
tween hinge structures and ecologic station 
and (2) the polyphyletic origin of the family 
Corbiculidae. Thus, despite the fact that the 
order of appearance of the two families is 
the reverse of that formerly supposed, the 
generalization that the Corbiculidae was 
“derived, in different degrees of removal, 
from the exclusively marine Veneridae” 
(Cooke, 1895: 15) may not be wholly incor- 
rect. It is probable that venerid genera like 
Resatrix, Calva and Dosiniopsis represent a 
morphologic type which throughout Creta- 
ceous and- Tertiary times was a potential 
source of Corbiculidae. 
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VON BRAND: ANAEROBIOSIS 





IN AUSTRALORBIS GLABRATUS 373 


PHYSIOLOGY .—Anaerobiosis in Australorbis glabratus: Temperature effects and 
tissue hydration. THEODOR VON BrRAND,!: ? National Microbiological Institute,' 
National Institutes of Health, Bethesda, Md. 


(Received November 3, 1955) 


The relations between temperature and 
anaerobic survival of invertebrates have 
never been studied in detail. The few iso- 
lated data indicate, as expected, a lengthen- 
ing of survival by lowering the temperature 
(for summary of these data see von Brand, 
1946). Insofar as snails are concerned, only 
qualitative observations are available. Al- 
sterberg (1930) found that Lymnaea stagnalis 
survived less than 2.5 days at 20°C, but 
longer than 7 days at 8-10 and at 0°C. 

In the present paper quantitative studies 
of the influence of temperature on the anae- 
robic tolerance are presented, using the 
pulmonate snail Australorbis glabratus, the 
most important vector of schistosomiasis in 
the Western Hemisphere. Included are ob- 
servations on changes in water content 
during anaerobiosis and during recovery 
therefrom. These latter studies were done 
because recent observations on chironomid 
larvae (Harnisch, 1954, a, b) had indicated 
that relatively large shifts in water content 
occur during anaerobiosis. It seemed there- 
fore of interest to investigate the possible 
occurrence of a similar phenomenon in a 
representative of another phylum. 


MATERIAL AND METHODS 


A Venezuelan strain of Australorbis gla- 
bratus was used. The snails were laboratory 
reared and weighed between 200 and 400 
mg each. 

The snails were freed of excess water as 
described previously (Newton and von 
Brand, 1955) and weighed to the nearest mg. 
They were then placed in Warburg vessels 
of about 16 ml capacity containing 2 ml 
dechlorinated tap water. Anaerobiosis was 

‘With the technical assistance of David P. 
McCarthy. 

*T am indebted to Mrs. M. O. Nolan for the 
contribution of all the snails used, to Dr. J. Buck 
for stimulating discussions of the topic, and to 
5. W. Greenhouse for the method of calculating 
and utilizing the slopes of the death curves to 


reflect the death rates. : 
* Laboratory of Tropical Diseases. 


established by flushing the manometers for 
15 to 20 minutes with 99.99 percent Linde 
nitrogen further purified by passing over 
heated copper. At the end of the anaerobic 
period, the snails still alive were weighed 
and transferred to fresh dechlorinated tap 
water, the gaseous atmosphere now being air. 
When the preceding anaerobic temperature 
had been 35, 30, or 20°C, the snails were 
allowed to recover, usually for 7 hours, at 
the same temperature. Snails exposed to 
anaerobiosis at 10°C were kept postanaero- 
bically at 20°C, because it is sometimes diffi- 
cult at 10°C to recognize whether a snail is 
actually dead or only quiescent. At the 
higher temperatures dead snails could be 
recognized without difficulty: They were 
always more or less retracted into the shell 
and had freely hemorrhaged. At the end of 
the recovery period, the surviving snails 
were again weighed and then dried at 
110°C until constant weight was reached. 
The water content was calculated by sub- 
tracting the dry weight from the initial, 
anaerobic, and postanaerobic fresh weights. 
It is evident that only the figures for the 
final water content are entirely correct. The 
initial water content and the water content 
after anaerobiosis are both slightly too high 
(the former more so than the latter), because 
the metabolized organic matter has been 
neglected. The error introduced is small, 
however, as indicated by previous metabolic 
experiments (von Brand, Baernstein, and 
Mehlman, 1950); it probably does not sur- 
pass 0.5 percent of the fresh weight. 
RESULTS 

Australorbis glabratus is a tropical snail 
and as such is not exposed to very low tem- 
peratures in nature. Previous respiration 
experiments (von Brand, Nolan, and Mann, 
1948) have shown that it will tolerate short 
periods of exposure (2 hours) to 5.0° and 
37.0C, while 0.3° and 41.0C were definitely 
harmful. In the present series of experiments 
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TABLE 1.—INFLUENCE OF TEMPERATURE ON ANAEROBIC TOLERANCE AND ON ANAEROBIC AN) 


PosTANAEROBIC WATER CONTENT OF Ausiralorbis glabratus 


Percent dead 





Water content after 
Initial water 
content in 








percent of Anaerobic Postanaerobic s° 
fresh weight period in per- s* period in per- 

cent of initial . cent of initial 

water content water content 
65.2 + 2.2 117 + 1.6 6.9 102 + 1.6 0.9 
64.0 + 2.2 123 + 3.7 1.7 113 + 3.2 1.2 
62.8 + 0.5 115 + 1.5 10.0 100 + 1.7 0.0 
60.8 + 0.6 121 + 2.2 9.6 103 + 1.8 0.9 
64.6 + 0.2 116 + 1.2 11.2 98 + 1.1 1.8 
63.6 + 0.6 118+ 1.8 5.5 102 + 1.4 1.4 
63.3 + 1.2 118 + 3.4 1.6 104 + 2.6 0.6 
66.8 + 0.2 103 + 1.3 1.7 93 = 1.1 | 5.4 
64.0 + 1.0 106 + 3.1 0.6 101+2.8 | O41 
63.2 + 1.6 | 108 + 6.4 0.2 97 +48 | O01 

' 





after 
Anaer- | Postan- , 
Temp. obic aerobic | Snails Pospent 
period period Anaer- | Postan-| SUtV!V1n 
obic aerobic 
period | period 
Cc Hours Hours |\Number 
35 7.5 16 42 7 26 67 
35 16 7 49 61 29 10 
30 16 7 52 4 8 88 
30 23 7 55 29 13 55 
30 40 7 42 88 10 2 
20 48 7 42 5 5 90 
20 64 7 42 19 12 69 
20 88 7 42 64 2 34 
10 72 7 42 5 5 90 
10 120 ea 42 48 26 26 
10 144 ao 42 59 29 12 
© Sienif Mi — Mz 
Significance: — —— 
VEi + Ei 


** Temperature of postanaerobic period: 20°C. 


it was necessary to keep snails for much 
longer periods at various temperatures. To 
establish a base line for the anaerobic experi- 
ments, series of snails were exposed aerobi- 
cally for 16 hours to 35°C and 144 hours to 
10°C. None of the former died (35 speci- 
mens), while 3 out of 42 kept at 10°C suc- 
cumbed. It is probable that within these 
temperature limits the anaerobic resistance 
could be tested without danger that “heat 
death” or ‘cold death” proper might ob- 
secure the results, although 10°C is probably 
close to the lower temperature limit toler- 
ated. This point will be discussed below. 
Table 1 shows that under all conditions 
investigated snails died during the actual 
anaerobic period and that a variable addi- 
tional percentage was so damaged by lack of 
oxygen that death ensued during the subse- 
quent aerobic ‘‘recovery”’ period. To assess 
the harmful effects of anoxia both death 
percentages were added and all further dis- 
cussion is based on this total death figure. 
Fig. 1 indicates that after an initial lag 
period the anaerobic deaths at each tempera- 
ture followed a straight line. The length of 
the lag period increased with decreasing 
temperature. It is entirely possible that the 
straight line relationship does not hold for 
the last surviving snails; that is, it is possible 
that the curves may flatten out, thus leading 
to the frequently encountered sigmoid 


. If the resulting figure is greater than 2, the water increase is significant. 


curves. This possibility, however, could not 
be tested experimentally without an imprae- 
ticable wastage of experimental animals. As 
indicated by the “recovery deaths,’’ the 
exact death point of all the snails under 
actual anaerobiosis cannot be determined 
with sufficient precision. However, an indi- 
cation that a flattening out of the curves 
may occur can be seen in the location of the 
last two points of the 10° curve. 

The data presented in Fig. 1 allow one to 
calculate the hours of anaerobiosis required 
to kill 50 percent of the snails. If the 50 per. 
cent death points are plotted, they scatter 
closely around a straight line (Fig. 2), 4 
rather unexpected result. This relation 
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Fria. 1.—Death curves of Australorbis glabratus 
due to lack of oxygen at various temperatures. 
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Fic. 2.—Influence of temperature on the time 
required to kill 50 percent of Australorbis glabratus 
specimens exposed to lack of oxygen 


means that a given decrease in temperature 
increases the time required to achieve a 50 
percent kill by an equal length of time 
throughout the temperature range tested. 
Fig. 2 shows, for example, that each 5° de- 
crease in temperature increases the time 
necessary to reach the 50 percent death point 
by about 20 hours. Linear relations between 
temperature and velocity occur in biological 
processes. Rather numerous literature quo- 
tations to this effect can be found in Beleh- 
radek’s monograph (1935). The present case 
is no direct parallel, however. The time re- 
quired to achieve 50 percent kill cannot be 
considered to give a rate in the strict sense 
(such as heart beat frequency would be) since 
it includes both the initial lag period during 
which no animal dies and also part of the 
linear death curves. 

The slope of the linear portions of each 
death curve (Fig. 1) reflects the rate of death 
at the specified temperature. Death rates, 
expressed as percent death per hour, were 
computed from these lines by a graphical 
procedure and yielded the figures summar- 
ized in Table 2. Upon plotting these figures 
according to Arrhenius’ equation two lines 


TaBLe 2.—ANAEROBIC DEATH RaTE OF AUSTRAL- 
ORBIS GLABRATUS IN PERCENT DEATHS 


PER Hour 
Temperature Death rate 
n " 
10 1.21 
20 1.35 
35 6.71 
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result (Fig. 3), but the slopes of these lines 
can be considered as only approximate be- 
cause of the few points available. It is, 
nevertheless, obvious that the temperature 
characteristics of asphyxiation death are 
quite different at low and higher tempera- 
tures. The temperature relationships of the 
aerobic respiration of Australorbis, on the - 
contrary, gives only one straight line over an 
even greater range of temperatures (von 
Brand, Nolan, and Mann, 1948), with a u 
value of approximately 17,400. Intersecting 
lines upon application of Arrhenius’ equation 
are of course quite common (Crozier, 1924), 
but in most cases, the u values are higher in 
the lower temperature range. 
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Fig. 3.—Anaerobic death rates of Australorbis 
glabratus expressed according to Arrhenius’ equa- 
tion. 


The water content of anaerobically main- 
tained snails (Table 1) increased rather 
markedly when the snails were subjected to 
anoxia at 35, 30, or 20°C. In all series where 
more than about 10 snails survived, the 
difference between initial water content and 
that found at the end of the anaerobic period 
was statistically significant. In most cases 
the surviving snails returned during the re- 
covery period quite closely to their initial 
water content; that is, the surplus water was 
largely eliminated. The figures given are of 
course only of significance insofar as the 
state of hydration of the tissues is concerned ; 
they are not indicative of the total amount 
of water exchange. The latter presumably 
would be greater as indicated by the fact 
that a portion of the anaerobic end products 
is actually excreted during the anaerobic 
period and also during a subsequent recov- 
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ery period (von Brand, McMahon, and 
Nolan, 1955). 

While the data of Table 1 definitely prove 
a significant anaerobic hydration of the 
tissues at the higher temperatures, the 
anaerobic water increase at 10°C was very 
small and not statistically significant in any 
case. Enough snails survived at 10°C in at 
least two series out of the three done that a 
significant water increase would undoubtedly 
have been detected. It appears then that 
temperature has a definite influence on the 
anaerobic water regulation of the snail. 


DISCUSSION 


The ultimate mechanism of death by as- 
phyxiation is not known. Lack of oxygen 
induces in any aerobic organism a chain of 
events, various links of which could be in 
themselves harmful. In anaerobically kept 
specimens of Australorbis specifically the 
following facts have been established (aside, 
of course, from a cessation of the oxidative 
processes connected with the aerobic oxygen 
consumption): A somewhat higher rate of 
carbohydrate consumption than observed 
in aerobic controls (von Brand, Baernstein, 
and Mehlman, 1950), excretion of carbon 
dioxide, the rate depending to some extent 
on the available polysaccharide stores (New- 
ton and von Brand, 1955), excretion and 
accumulation in the tissues of small amounts 
of lactic acid and larger amounts of acetic 
and propionic acids (Mehlman and von 
Brand, 1951; von Brand, McMahon, and 
Nolan, 1955) and hydration of the tissues at 
temperatures above 10°C (present study). 

The present investigation suggests that 
asphyxiation death may not always be due 
to one mechanism alone. If the concept of 
the ‘“‘master reaction” is correct, the rela- 
tions between anaerobic death and tempera- 
ture discussed in the preceding section indi- 
cate that one “master reaction” is operative 
at 10°C and another above 20°C. It should 
be kept in mind that Australorbis is a tropi- 
cal snail and that apparently 10°C is close 
to the lower temperature limit tolerated. It 
seems possible that cold itself puts a con- 
siderable stress on the organism which aggra- 
vates the stress due to lack of oxygen. A 
change in physiological response to anaero- 
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biosis is indicated by the observations re- 
ported above in hydration differences at 
various temperatures. It would then seem 
possible that two competing mechanisms are 
involved in bringing about the relatively 
rapid death at 10°C: On the one hand, the 
lowering of the temperature to this level will 
undoubtedly lower the anaerobic metabolic 
rate‘ and thus tend to prolong life endan- 
gered by whatever phase of anaerobic 
metabolism is involved in asphyxiation 
death. On the other hand, the presumed 
“cold stress’? would tend to shorten life. 
What mechanism may be involved here is 
not known. Actually, we are confronted by 
the riddle why some cold-blooded animals 
are confined to tropical and others to arctic 
environments. While some metabolic adap- 
tations have been described (Scholander, 
Flagg, Walters, and Irving, 1953), it does 
not seem likely that they explain tempera- 
ture segregation fully. It seems more prob- 
able that other factors, perhaps of a physico- 
chemical nature, are of greater importance. 

Coming back to the immediate problem, 
we see that the concept of a relative aggra- 
vation instead of an alleviation of anaerobic 
stress by low temperature ina tropical animal 
finds some support in the admittedly sketchy 
information available concerning the anae- 
robic temperature relationships of a cold- 
water snail, Lymnaea stagnalis. At 30°C 
100 percent survived 6 hours, but only 9 
percent 16 hours (von Brand, Baernstein, 
and Mehlman, 1950). At 20°C, the snails 
were dead before 60 hours had passed, while 
at 8-10, and at 0°C, they were still alive after 
168 hours (Alsterberg, 1930). In other words, 
at 30 and 20°C the cold water snail was less 
resistant to lack of oxygen than the warm 
water snail, while the reverse held true at 
lower temperatures. 


‘ The point was not checked experimentally be- 
cause of technical difficulties. The most easily 
determined anaerobic process, carbon dioxide pro- 
duction, cannot be determined accurately in 
snails, especially not at various temperatures, be- 
cause of the presence of the calcareous shell. The 
lactic acid production, another excellent yard- 
stick in many cases, is not a practical approach in 
Australorbis because lactic acid is only a minor 
anaerobic end product. The polysaccharide con- 
sumption also does not fend itself to accurate 
determinations (unless very long series are done) 
because of marked fluctuations in the initial level. 
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SUMMARY 


|. Anaerobic death curves were established 
at 35, 30, 20, and 10°C. At all temperatures 
there is an initial lag period, after which 
the death rate follows a straight line. 

2. Upon application of Arrhenius’ equa- 
tion two lines result. The temperature in- 
fluence is characterized by a very low u 
value at 10°C, the lowest temperature 
tested, and a much higher one in the higher 
temperature range (20 to 35°C). 

3. Between 35 and 20°C anaerobiosis in- 
duces a rather marked hydration of the tis- 
sues, while at 10°C only an insignificant 
increase occurs. The surplus water is rapidly 
excreted during a postanaerobic recovery 
period. 

4. The idea is expressed that the relatively 
rapid anaerobic death at 10°C is due to an 
additive effect of anaerobic and cold stress. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED SOCIETIES 


PHILOSOPHICAL SOCIETY 
1365TH MEETING, OCTOBER 10, 1952 


C. R. Srmnevererry, of the Naval Research 
Laboratory, spoke on Particle size from fluorescence 
depolarization. The general understanding of col- 
loid science has been hampered by too-ready 
extrapolation phenomena. Well-recognized ad- 
vances have been made recently in the study of 
organic high polymers and proteins, but under- 
standing of the soap colloids has proved more diffi- 
cult because of the weakness of the forces of asso- 
ciation. Spurred by the necessity for investigation 
of the emulsifying action of soaps in connection 
with the synthetic rubber program of World War 
II, McBain, Debye, and Harkins each contributed 
important techniques to the study of soaps and the 
structure of the “micelles” they form. These are 


groups of molecules with hydrocarbon ends as far 
rernoved from the water molecules as _ possible 
while their polar ends are in intimate contact with 
the water. 


Oil-soluble soaps like petroleum naphthenates 
and sulfonates, when added to engine oil in small 
amounts prevent rusting of parts and reduce wear. 
Fundamental research at the Naval Research 
Laboratory has included work on oleic acid deriva- 
tives of known structure. Water, even in extremely 
small quantities, has a very large effect on the 
viscosity and other properties of these materials. 

Harkins and Corrin noted a change in color of a 
dye when micelles are formed. Further investiga- 
tion at the Naval Research Laboratory showed 
that Rhodamine B becomes fluorescent when ad- 
sorbed on soap micelles. When polarized light is 
used, the fluorescent light is found to be only 20 to 
30 per cent polarized and the size of the micelles 
may be determined from the depolarization of the 
fluorescence. This depolarization results from 
Brownian rotation of the dye-containing micelle 
during the interval (2-4 x 10~* sec) between light 
absorption and fluorescence emission. Micelles 
having a molecular weight.of about 20,000 have 
been studied. (Secretary’s abstract.) 
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1366TH MEETING, OCTOBER 24, 1955 


E. Brigut Wixson, professor of chemistry at 
Harvard University, spoke on Some famous scien- 
tific blunders. His aim was not to pillory indi- 
viduals, who were famous scientists in many cases, 
but rather to point out how we might profit by 
their mistakes. No names were mentioned by the 
speaker. There are no scientific laws telling how to 
make discoveries, but there are criteria for knowing 
when there has been self-deception. 

Six illustrative cases of blunders were described 
in some detail, all of them in the period from about 
1900 to 1935. The treatment of the common cold 
by the inhalation of smail amounts of chlorine was 
never tested by any control experiments. N-rays, 
supposedly discovered in France about 1900, were 
the subject of a great many scientific papers. They 
were detected visually by the dimming of the 
fluorescence of a screen. Absorption, refraction, 
diffraction, and similar effects were reported in 
spite of the fact that the N-rays finally turned out 
to be non-existent. The phenomena were asso- 
ciated with defects of vision under low illumina- 
tions. Another erroneous theory ascribed certain 
chemical reactions to the absorption of the infrared 
blackbody radiation and led to dozens of papers 
before it succumbed to a few critical experiments 
and calculations. The bacterial origin of yellow 
fever and “mitogenetic rays,” supposedly emitted 
by all growing cells, were other celebrated blun- 
ders—the latter leading to over 700 published 
papers. 

The sixth case considered was the magneto- 
optical method of chemical analysis supposedly 
based on the time lag of the Faraday effect. Ap- 
parently this was based on somewhat the same 
optical illusion as the N-ray studies. 

All these episodes seem to have a common pat- 
tern. A supposed discovery is quickly announced, 
“confirmed” by others, and followed by # great 
rush to get into the field to exploit it. Next the 
theoretical scientists demonstrate that it could 
have been predicted. Later some observers hesi- 
tantly report negative results and doubt develops 
usually with disputation. The effect itself is not 
usually killed with a single blow but gradually 
fades away. 

Several serious lessons should be learned from 
these occurrences. Scientists should recognize the 
fact that they find it very difficult to be really 
objective about something of their own creation. 
Control experiments should always be set up, con- 
trols and subjects should be carefully matched, 
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and the experiments should be randomized under 
conditions of real “blindfoldedness.” Statistical 
design should be planned and no observations or 
facts discarded. Finally, theories should be re- 
quired to be quantitative. (Secretary’s abstract.) 


1367TH MEETING, NOVEMBER 7, 1952 


Wayne W. ScaNnion, ot the Naval Ordnance 
Laboratory spoke, on Semiconductors. These sub- 
stances, intermediate in electrical conductivity 
between the metals and insulators, are nowadays 
defined in terms of an energy band structure 
differing from those of metals and insulators. Typi- 
cal semiconductors are the elements selenium, 
germanium, silicon, and tellurium, as well as lead 
sulfides, copper oxide, and many other sulfides, 
oxides, and selenides. 

The earliest extensive use of semiconductors was 
in point-contact “cat’s whisker’ detectors for radio 
receivers. These were displaced by the vacuum 
tube but came back into some use in World War 
II, for radar, because their upper limit of frequency 
(30,000 megacycles) was much higher than that of 
the vacuum tube. They have been used as recti- 
fiers, photocells, transistors, and for many other 
purposes in recent years. 

Semiconductors are of three types known as 
intrinsic, n-type, and p-type. In an intrinsic semi- 
conductor there are vacant energy bands close 
enough to the filled bands to permit conduction by 
electrons with normal thermal energy. In the other 
types there are impurity atoms with bands close to 
the filled bands. In n-type semiconductors conduc- 
tion is by the motion of electrons from the filled 
bands with energies corresponding to the impurity 
band, while in the p-type it is simpler mathemat- 
ically and physically to consider the motion of the 
“hole” from which the electron originated. 

Mr. Scanlon presented a series of demonstrations 
of phenomena associated with semiconductors. 
These included the Hall effect, rectification, pho- 
toconductivity, photovoltaic effect, high thermo- 
electric power of a germanium-copper junction, 
transistor amplifier, transistor oscillator, and elec- 
troluminescence. In the last phenomenon fluores- 
cent radiation is produced directly by an alter- 
nating current field. (Secretary’s abstract.) 


1368TH MEETING, NOVEMBER 21, 1952 


J. C. Stater, of the Massachusetts Institute of 
Technology, spoke on The nature of the chemical 
bond. The dividing line between history and devel- 
opment on the nature of the chemical bond dates 
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back to the papers on wave mechanics by Schré- 
dinger in 1926. These ideas, however, were not 
completely new, for Hamilton a hundred years 
earlier had thought along similar lines in his devel- 
opment of the optics of inhomogeneous media, and 
the spectra of atoms had long suggested the exis- 
tence of definite energy levels. Astronomers had 
trouble also with the three-body problem, and 
classical mechanics even from the beginning had 
regarded the exact solution of the many body 
problem as impossible. Indeed this problem is the 
most difficult problem which the mathematicians 
have ever been called upon to solve. 

With the appearance of Schrédinger’s equations 
it became possible for the first time to solve some 
of the simpler problems. Heitler and London deter- 
mined the approximate form for the curve de- 
scribing the internuclear distance for the hydrogen 
molecule and predicted the existence of ortho and 
para hydrogen. This paper had a far reaching 
effect on molecular physics, and many authors 
tried to extend these ideas to other molecules but 
found the calculations too complex because of the 
lack of orthogonality between the various wave 
functions. Because of these complexities a new 
method suggested by Hund and Mullikan and 
known as the “Method of Molecular Orbitals” has 
gradually superseded that of Heitler and London. 
This method also uses Schrédinger’s general ideas 
but in addition permits each particle to precess 
about the direction of the magnetic field. The 
“Method of Molecular Orbitals” is more exact and 
the calculations much simpler. The hydrogen 
molecule has now been solved in detail by this 
method. Many workers in England are extending 
these calculations to other diatomic molecules and 
to ammonia and benzene. In this country Hertz- 
feld, Mayer, Crawford, and Mullikan are doing 
similar calculations. Slater and his students are 
carrying out the calculations for water. 

One of the chief difficulties with this problem is 
that of convincing the chemists that the problem 
is really as complex as it is. If Schrédinger’s 
methods are applied with sufficient rigor and 
approximations and other empirical relations are 
avoided, there is every indication that Schré- 
dinger’s methods will yield correct results. 

MicHAEL GoLpBERG, of the Navy Department, 
presented an informal communication on a class of 
geometrical figures that he designated as rotors. 
These are three-dimensional bodies which have 
the property that they are everywhere of constant 
width and can be rotated inside a cube, tetra- 
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hedron, and octahedron. This communication was 
an extension of Mr. Goldberg’s earlier ideas pre- 
sented before this Society in which he showed some 
of the simpler rotors. The rotor described in this 
communication was designated as “the most uni- 
versal lop-sided rotor we know of” and differed 
only slightly from a sphere. (Secretary’s abstract.) 


1369TH MEETING, DECEMBER 5, 1952 


At the close of the business session of the Annual 
Meeting, Ronatp 8. Rivuin, of the Naval Re- 
search Laboratory, gave a talk on Some recent 
developments in continuum mechanics. Classical 
elasticity theory is built on the assumption that 
the deformations to which elastic bodies are sub- 
jected are sufficiently small. The classical hydro- 
dynamics of viscous fluids likewise is built on the 
assumption that the velocity gradients are small. 
In both cases linear theories result from these 
assumptions. The nonlinear theories resulting 
when these assumptions are not made predict 
results different from those of the classical theories. 
Mr. Rivlin discussed the experimental verification 
of a number of these results. These experiments in 
a number of instances, dealt with the deformation 
of rubber, in which appreciable strains are readily 
obtained. (Secretary’s abstract.) 


1370TH MEETING, DECEMBER 19, 1952 


WALLACE R. Brope, of the National Bureau of 
Standards, spoke on Color and chemical constitution, 
demonstrating with the use of an American Optical 
Co. scanning spectrophotometer. Calibration and 
operation of the equipment were explained. 

The principal chromophores, or color-producing 
groupings, in organic substances are the conjugated 
CC, CO, NN, and NO pairs. Of these, the NN azo 
group is the most important in dyes. The order of 
color deepening, ordered in the sense of increasing 
chemical complexity and decreasing stability, is: 
white, yellow, orange, red, purple, blue, green. The 
difficulty of dyeing the new synthetic fibers often 
leads to the use of unstable dyes; this was demon- 
strated by a piece of red orlon which turned blue 
under a hot flatiron, but fortunately recovered. 

This color change was explained as a reversible 
transformation between the “trans” and “cis” 
tautomeric forms of the dye. The corresponding 
transformation in thioindigo is induced by light; 
the dye turns red on exposure to red light, and 
blue on exposure to blue. The normal color is due 
to an equilibrium mixture of the two forms. 











380 F JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


The different physical dimensions of the tauto- 
meric forms of a dye make it a useful research tool. 
For example, some dyes will attach themselves to 
cotton when in the cis form, but not when in the 
trans form. This leads to conclusions about the 
molecular structure and dimensions of cotton cel- 
lulose. 

The lecture ended on a light note with a colori- 
metric analysis of the components of a ham sand- 
wich placed in the scanning spectrophotometer. 
(Secretary’s abstract.) 


1371sT MEETING, JANUARY 16, 1953 


Ourver G. Haywoop, Jr., of the Air Research 
and Development Command, spoke on Miltary 
decision and the mathemafical theory of games. The 
first theory of games applied only to games of pure 
chance; the von Neumann theory applies to games 
requiring rational action on the part of players. 
The concepts were introduced by a discussion of 
the old French card game called “Her.” The stra- 
tegic problem involved is in deciding to keep the 
card dealt or to trade it in for another. A particular 
strategy is to hold the card if it is better than a 
seven, otherwise to trade. For any given strategies 
of the player and the dealer, the player’s expect- 
ancy can be computed by the probability calculus. 
The expectancies for all combinations of player- 
dealer strategies can be displayed in a matrix, with 
each row corresponding to a single player strategy 
and each column to a single dealer strategy. If the 
player is conservative, he chooses the strategy row 
in which he suffers the least if the dealer happens 
to have the best opposing strategy, that is, he 
chooses the row that has the largest minimum 
expectancy. This is called the minorant game. If, 
on the other hand, he knows the dealer’s strategy, 
he can choose the row that maximizes his expect- 
ancy against that known strategy. This is the 
“majorant” game. 

In a game of perfect information, like tic-tac-toe 
or chess, where all previous moves are known and 
chance does not enter, the outcome is determined 
if both players are infinitely intelligent. 

The military doctrine known as the “estimate of 
the situation” calls for the following: 


1. Define the mission 
2. Consider the situation and courses of action 
(a) Considerations of weather, terrain, etc. 
(b) Consideration of strategies available to 
the enemy. 
(c) Consideration of strategies available to 
us. 
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3. Analysis of possible enemy strategies. 
4. Results of our own strategies in each case. 
5. Decision as to the best strategy for us. 


The standard military doctrine is to choose the 
strategy that guarantees the least damage to us, 
i.e., the conservative maximin or minorant solu- 
tion. 

If a commander has good intelligence informa- 
tion, i.e., knowledge of enemy strategy, his evalua- 
tion matrix shows him which row is best, since the 
column is known or assumed. Of course, in either 
war or poker, the enemy may be bluffing, or he 
may be trying to make us think he is bluffing. 

In a single major encounter, the safe minorant 
strategy is best; in a long series of minor encoun- 
ters, a set of mixed strategies can be used to maxi- 
mize the long run expectancy. 

In the discussion that followed, it was brought 
out that concealment and security can be inter- 
preted as attempts to make the enemy draw up a 
false evaluation matrix by omitting facts; feints 
and camouflage tend to give him a false matrix 
because he includes falsities. The majorant and 
minorant approaches can be summarized as: Ma- 
jorant—We guess what the enemy’s evaluation 
matrix is, and assume his strategy. Minorant—We 
use our own evaluation matrix and play safe. 
(Secretary’s abstract.) 


1372D MEETING, JANUARY 30, 1953 


The Society was addressed by the retiring presi- 
dent, A. G. McNisu, on the subject The effects of 
the moon on the earth’s outer atmosphere. 

The subject of tides was introduced by a review 
of the familiar ocean tides. The solar and lunar 
components were discussed, and the usual situa- 
tion at Tahiti mentioned. At Tahiti there is a solar 
tide only, occurring at the same time each day. 
This is convenient for people that like to swim at 
high tide. 

The tidal force exerted by the moon is 2.4 times 
as great as that of the sun. In ocean tides this ratio 
is apparent, but in atmospheric tides, it is found 
that the lunar component is the weaker, in the 
ratio of 15 to 1. This is explained by the fact that 
the tidal mode of oscillation of the atmosphere has 
a natural period of approximately 12 hours, hence 
is roughly in resonance with the sun’s periodic 
motion. This effect increases the difficulfy of an 
experimental study of the lunar component of the 
atmospheric tides. 

It has been found that the lunar air tide has the 
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same phase, relative to local time, all over the 
earth, and that this phase has a significant seasonal 
variation. The lunar tide has its greatest lag at the 
December solstice. 

On the assumption that the lunar tide involves 
adiabatic compression, a corresponding component 
of average temperature is expected. A statistical 
extraction of this effect from 62 years of data at 
Batavia yields a periodic temperature variation of 
0.007 degree Celsius. The apparent probable error 
of this result is smali enough to make the result sig- 
nificant, and large enough to include the expected 
temperature variation computed from the lunar 
semidiurnal barometric pressure variation at the 
same station. 

The lunar tides cause systematic wind currents 
with speeds of the order of 1 cm/sec; the corre- 
sponding solar winds have speeds of 30 cm/sec. 
Such systematic air currents at 100 kilometer alti- 
tude, where there is appreciable conductivity due 
to ionization, could explain diurnal! variations in 
the earth’s magnetic field, except that the effect is 
several orders of magnitude larger than the ex- 
planation. The seasonal phase shift of the lunar 
tide, however, fits the corresponding behavior of 
the geomagnetic field. 

Radio reflection studies of the outer layer of 
the ionosphere, the F2 layer, show lunar effects. 
The critical frequency at noon shows minima 3 or 
4 days after full moon and new moon at the De- 
cember solstice; this effect is less pronounced and 
has a different phase at the equinoxes, and still less 
at the June solstice. These effects are like those of 
the lunar tide. 

The National Bureau of Standards system of 
examining the virtual heights of the ionosphere 
layers was described, and motion pictures of iono- 
spheric behavior at Huancayo, Peru, were shown. 
It was seen that during the day there comes a time 
when the F2 layer gets wanderlust, and suddenly 
takes off toward outer space with a speed of about 
1000 cm/sec. The positive and negative charges 
must both be doing this, or the otherwise resulting 
charge separation would halt the migration. Such a 
joint motion implies crossed electric and magnetic 
fields of the order of E equals 300 microvolts/me- 
ter, H equals 0.3 oersted. The lunar tide air speed 
of 1 em/see would give rise to a motional electro- 
motive force of only 0.3 microvolt/meter. Thus 
this so-called lunar layer behavior implies an upper 
atmosphere tidal oscillation roughly 1000 times 
greater than the lower altitude oscillation. This 
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has been explained by the presence of temperature 
inversion layers acting as reflectors to keep the 
major oscillation in the upper atmosphere. 

A rough computation of the oscillatory energy 
stored in the lunar tide yields 10” joules, or a 
million times as much energy as is released by an 
A-bomb. Hence it is not practical to attempt to 
modify the tides experimentally. (Secretary's ab- 
stract.) 


1373D MEETING, FEBRUARY 13, 1953 


J. SAMUEL SMart, of the Naval Ordnance Lab- 
oratory, addressed the Society on the topic Anti- 
ferromagnetism. This phenomenon was predicted 
in 1932 and discovered in 1938. 

Langevin’s classical theory of paramagnetism 
was reviewed. He assumed that each atom has a 
permanent magnetic moment, u; that an applied 
field H tends to align the moments while thermal 
agitation tends to destroy the alignment. Neglect- 
ing interaction, this problem is readily solved by 
statistical mechanics, yielding the magnetization 
as a function of wH/kT. The susceptibility, or ratio 
of induced magnetization to applied field, is much 
less than unity. 

Now there are a few chemical elements for which 
the susceptibility is much greater than unity, 
and for which the magnetization does not vanish 
with the applied field. These also saturate easily, 
that is, the magnetization reaches a limiting value. 
Such elements are called ferromagnetic. For these 
elements the susceptibility depends on the tem- 
perature, and on previous mechanical and thermal 
treatment, but the saturation magnetization is 
independent of these environmental conditions. 
Hence the saturation magnetization has more 
physical significance and is the property normally 
studied. 

An interesting property of ferromagnetic materi- 
als is that each has a critical temperature, its Curie 
temperature, above which the material is paramag- 
netic. Below the Curie point there are strong 
inherent alignment forces that are stimulated by 
the applied field. Are these forces the interactions 
that were neglected by Langevin? 

In 1907, Weiss attempted to account for the 
interaction by adding to the applied field a term 
proportional to the magnetization; the resulting 
total field was then substituted in Langevin’s 
equation for the magnetization. The resulting rela- 
tion predicts spontaneous magnetization that be- 
haves with temperature like the observed satura- 











tion. Unfortunately, observed Curie temperatures 
require a proportionality constant in H total of 
around 10,000; Weiss could not rationalize a con- 
stant greater than 4 z. 

In 1929, Heisenberg suggested that quantum 
mechanical exchange forces might supply the 
answer. He proposed that in crystals, the effect of 
exchange forces might be to align nearest neighbor 
spins, to make their magnetic moments parallel. 
This leads to an appropriate value of the constant 
in the Weiss theory. 

In 1932, Neel suggested that in some crystals, 
the exchange forces might align nearest neighbors 
in the antiparallel sense. In the case of a body- 
centered cubic lattice, this can be visualized as two 
interpenetrating simple=cubiec lattices, each of 
which has all its spins parallel, but each sublattice 
being oriented anti-parallel to the other. This 
assumption treated by the Weiss procedure pre- 
dicts a total magnetization of zero, composed of 
equal and opposite sublattice components each of 
which varies with temperature like the saturation 
of a ferromagnetic. The theory also predicts a 
susceptibility vs. temperature curve exhibiting a 
cusp at the Curie point. This phenomenon was 
found in manganous oxide in 1938. 

Recently, neutron scattering experiments have 
been made on antiferromagnetic crystals. In this 
analog of the famous Bragg experiment, the mag- 
netic interaction of the neutron with the lattice is 
of the same order of magnitude as the nuclear force 
interaction. Neutron scattering from manganous 
oxide below the Curie temperature gives reflections 
that do not correspond to any crystal plane, but 
can be explained by planes of a structure having 
twice the cell size of the crystallographer’s unit 
cell. This is interpreted as a magnetic cell structure 
of the manganese atoms, the oxygen atoms being 
magnetically ignorable. At the Curie point, these 
reflections show that there is a violent change of 
cell dimensions, and a change in the thermal 
expansion coefficient along one axis. 

Another interesting effect is found in the be- 
havior of resonance absorption. In antiferromag- 
netic materials, the strength of the absorption in- 
creases slowly as the temperature is reduced to the 
Curie point, while the substance is paramagnetic, 
but below this point, the absorption practically 
vanishes. Actually, the resonance absorption is 
still present, but the frequency of resonance has 

suddenly increased to beyond the range of the 
usual equipment. (Secretary’s abstract.) 
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1374TH MEETING, FEBRUARY 27, 1953 


The Society was addressed by JoHn A. Ospoarn, 
of the Office of Naval Research. Mr. Osborn 
started with a brief history of government-spon- 
sored research in this country and then entered 
upon his main topic, the ONR program of spon- 
sored research in magnetism. 

A brief discussion of domain structure in ferro- 
magnetic materials was given. The growth effects 
in domains were exhibited by slides showing photo- 
graphs taken by polarized light. The Kerr phe- 
nomenon of rotation of polarization delineates the 
domain structure very strikingly. 

The ferromagnetic properties of small particles 
were explained in terms of domain theory. Data 
were presented showing the high coercive forces 
that can be obtained with powdered materials, 
particularly when the particle shape can be con- 
trolled. Techniques for forming needle-shaped 
particles are being developed under contract a 
Franklin Institute and Lehigh University. 

Photographs of L. R. Maxwell’s magnetic re- 
search equipment at the Naval Ordnance Labora- 
tory were shown, and explained with an assist from 
Mr. Maxwell, who was in the audience. 

Photographs and drawings of some University of 
Chicago equipment, used under ONR contracts, 
were shown. Some of their results on the resonance 
absorption of potassium in liquid ammonia were 
presented. (Secretary’s abstract.) 


1375TH MEETING, MARCH 15, 1953 


The Society was addressed by Maurice M. 
Sapiro, of the Naval Research Laboratory, on 
the subject New unstable particles in the cosmic 
radiation. By “‘new’’ particles is meant those dis- 
covered in the last four or five years. 

The old mesons were reviewed. These are the 
positive and negative mu mesons, or muons, and 
the positive, negative, and neutral pi mesons, or 
pions. The muons decay with a two-microsecond 
half-life into. positive or negative electrons, de- 
pending on the muon charge, and two neutral par- 
ticles, assumed to be neutrinos. When first dis- 
covered, the muon was thought to be the “nuclear 
glue” predicted by Yukawa in 1935, but it was 
later found that the muon-nucleon interaction was 
a million times too small for this. 

The charged pion, with a mass just under 300 
electron masses, decays in 10~* second toa muonof 
like sign, and a neutrino. This charged pion is 
probably the particle predicted by Yukawa. The 
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neutral pion, slightly lighter, decays into two 
gamma rays of about 70 mev energy each, or 
alternatively into one gamma ray and an electron- 
positron pair. The half-life of the neutral pion is 
only 107° or 10~ second; it lives hardly long 
enough to exist as an entity. In fact, it requires 
careful interpretation of experiments to conclude 
that it exists at all. 

With the large particle accelerators now in use, 
the behavior of muons and pions is fairly well 
known. For the sake of completeness, the neutron 
should be added to the list of familiar unstable 
particles. It decays into a proton, an electron, and 
a neutrino, with a half-life of 12 minutes. 

The new heavy mesons, V, K, tau, and zeta, are 
born in violent nuclear collisions—usually when a 
proton of more than ten billion electron volts 
energy strikes another nucleon. These mesons are 
observed only in cosmic radiation, and then not 
often. 

The V mesons are neutral, and consist of two 
groups V°, and V%. Since neutral particles leave no 
tracks, and since the parents of the neutral V 
particles are also neutral, it is difficult to obtain 
quantitative information. Studies of the disinte- 
gration of V mesons, including energy and mo- 
menta of its two charged offspring and the energy 
release of the decay, indicates that V°, decays into 
a negative pion plus a positive particle which may 
be a proton, but seems to be less massive. The V°% 
group releases more energy and decays into a 
positive-negative pion pair, with a half-life of 
about 3 X 107! second. Several hundred V disin- 
tegrations have been observed. Best estimates of 
mass are that V°, is about 2200 electron masses; 
V°® about 800. 

In contrast, the tau meson, which has been ob- 
served only about ten times, is fairly well known 
quantitatively, since both it and its decay particles 
are charged. Furthermore, it has three offspring, 
and the triple coplanar tracks yield considerable 
information. The positive and negative tau mesons 
have about 975 electron masses, and decay into 
three charged pions; two of the same sign as the 
parent tau, one of opposite sign. These offspring 
are readily identifiable from the subsequent decay 
into muons. 

The last group, the K particles, comprises four 
charged subgroups, Chi (plus and minus), Kappa 
(plus and minus), S (plus and minus), and V (plus 
and minus), although it is thought that Chi and 8 
are the same; the Chi’s have been observed in 
emulsion tracks and the S mesons in cloud cham- 
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bers. All the K particles have masses in the range 
1000-1500. 

The Chi and Kappa particles have been ob- 
served in emulsions; the Chi, Kappa, and § par- 
ticles decay from rest. 

The Kappa meson apparently yields a muon 
and two neutrinos; the two unobservable particles 
are assumed to make it a three body decay, as 
indicated by the lack of unique momentum of the 
muon. 

The Chi decays into a like-charged pion and a 
neutral particle of 800-900 electron masses. This 
may be a neutral tau. The Zeta particle is a 
hypothetical child of a Kappa, of about 530 elec- 
tron masses, and itself decaying with only one 
charged product. (Secretary’s abstract.) 


1376TH MEETING, MARCH 27, 1953 


The Society was addressed by Wituiam R. 
DuryEk, of the National Cancer Institute, on the 
subject Some new aspects of the cancer cell. 

Mr. Duryee’s work has been with amphibian 
cancer, rather than human cancer. Cancer is a 
form of abnormal cell growth, a bizarre form of a 
natural process, rather than a disease like mumps 
or measles. Every plant and animal has its spec- 
trum of abnormalities, and almost all body tissues 
are subject to cancer. The nerves and the middle 
intestine are exceptions. 

Growth is defined as an increase in mass, in- 
volving the synthesis of new material. In cell 
growth, the surface/volume ratio decreases, and 
the cell must divide or die. Thus cell division must 
be incorporated in the concept of growth. The size 
of an organism is more dependent on the number 
of cells than on the size of those cells. For example, 
the red blood cells of the human and of the ele- 
phant are approximately the same size. 

Growth processes exhibit a spectrum with 
gradual change from normalcy to malignancy. 
Normal growth starts with organism growth, and 
shades through replacement growth (as in the 
starfish, salamander, and the flatworm) to 
unusual eell divisions as in callus and athlete’s 
tendon. But these are all controlled growths, 
within the limits of profit to the organism. 

Next we find the benign neoplasms, small tu- 
mors such as warts and moles, that stay “in 
hand”; these blend over into malignant neo- 
plasms. The malignant growths are characterized 
by (1) being uncontrolled—the cells have deserted 
the general economy of the body and are com- 
peting with normal cells, (2) increasing virulence, 











the invasion of neighboring cells, and (3) metasta- 
sis, or spreading to new locations. 

After this orientation, an interesting series of 
slides was shown showing the results of experi- 
ments on adenocarcinoma in frogs, and a benign 
papilloma on a Japanese salamander. This 
interesting animal with his rare affliction was 
present at the meeting, and examined by many 
of the audience. (Secretary’s abstract.) 


1377TH MEETING, APRIL 10, 1953 


Ray Peprinsky, of the Pennsylvania State 
College, addressed the Society on the topic 
X-ray analysis as a tool in biochemistry. 

Many of the problems of biochemistry are 
associated with organic crystal structure, which 
is still in a primitive state. Inorganic crystal 
chemistry. had its groundwork well laid by 1927, 
and since then many compounds have been 
studied. Organic crystal chemistry comprises 
many more compounds that are more compli- 
cated than inorganic substances, and fewer 
crystal structures have been determined. 

Inorganic crystals are usually atomic crystals 
with both heavy and light atoms arranged with a 
high degree of symmetry. X-ray methods readily 
pick out the heavy atoms and show the structure. 
Organic crystals are strongly dependent upon 
molecular configurations, and the atoms of 
principal interest (N, C, O), have similar X-ray 
scattering power. Hence only carefully chosen 
problems of organic chemistry yield to X-ray 
methods. In fact, X-ray methods turn out either 
to be very powerful, yielding the whole story, or 
else to be practically useless. Compounds that 
have been successfully studied are alkaloids, 
antibiotics, and antihistamines of less than 500 
molecular weight, i.e., molecules of not more 
than forty atoms. 

X-ray analysis has given information on 
molecular weight, accurate to a few tenths of a 
percent, and has been an important means of 
identification; the sterols were first classified by 
means of single-crystal X-ray studies. 

If the arrangement of atoms in a crystal is 
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known, its x-ray scattering pattern is readily ¢om- 
puted by Fourier methods. The converse prob‘em, 
however, is not easy, for experimentally the 
magnitude of the scattering is observable, but the 
phase angle is not. Thus only simple structures 
van be analyzed, i.e., those having simple special 
phase relations. For example, if the crystal has a 
center of symmetry, the phases are unknown 
only as to algebraic sign. Again, if projection of 
the crystal’s electron density onto a plane has 
two-dimensional symmetry about a center, a 
similar simplification oecurs. If a relatively heavy 
atom is in the molecule, or can be placed in it 
without changing the crystal structure, it domi- 
nates the phase of the scattering and gives a base 
to work on. 

There have been some interesting successes of 
x-ray technique. Sodium benzyl pencillin was 
analyzed by using three planar density projec- 
tions, and combining these into a three-dimen- 
sional space pattern. Every bond angle and 
distance was determined. The structure of 
strychnine was determined, by using its sulfate, 
selenate,. and hydrobromide as crystals with 
heavy atoms for phase control. 

The structure of sucrose (cane sugar) was 
determined without using any a priori chemical 
knowledge. Additional complexes with alkali 
halides were used, without knowing where the 
halides were added. 

The long standing problem of the structure of 
colchicine was resolved completely, and the re- 
lated mitotic podophyllotoxin and 
picropodophyllin, are being worked on. 

An especially interesting example is furnished 
by isomycomycin, whose structure was com- 
pletely determined before standard chemical 
methods had yielded any information. (Secretary’s 
abstract.) 


poisons, 


1378TH MEETING, APRIL 24, 1953 


This meeting of the Society was the occasion 
of the twenty-second Joseph Henry Lecture on 
Mesons and nuclear forces, by Hans A. Berue, of 
Cornell University. The lecture has been pub- 
lished in this JourNAL 44: 97-105. 1954. 












Ant! 
Phil 
Was 


AND 
{ 
Bay 


BLA 
‘ 
Bow 
Bro! 
Cas! 
| 


CHAI 





em, 


Vas 
ical 
ali 
» of 
ind 
m- 


cal 
y's 


ib- 





INDEX TO VOLUME 45 


An asterisk (*) denotes the abstract of a paper presented before the Academy or an affiliated society. 


PROCEEDINGS OF THE ACADEMY AND AFFILIATED SOCIETIES 


Anthropological Society of Washington. 231. 
Philosophical Society of Washington. 131, 377. 
Washington Academy of Sciences. 86. 


AUTHOR INDEX 


Anprews, E. A. Some work of the periodical 
cicada. 20. 

Bayer, Freperick M. Remarkably preserved 
fossil sea-pens and their Recent counterparts 
294. 

Bianco, GERTRUDE, and Ruopes, Ipa. Table of 
characteristic values of Mathieu’s equation 
for large values of the parameter. 166. 

BowMaN, THomas E. The isopod genus Chiridotea 
Harger, with a description of a new species 
from brackish waters. 224. 

BropE, Watiace R.* Color and chemical con- 
stitution. 379. 

Casey, RayMonp. The pelecypod family Cor- 
biculidae in the Mesozoic of Europe and the 
Near East. 366. 

CuHaBANaub, Pauw. Flatfishes of the genus 
Symphurus from the U.S.S. Albatross Ex- 
pedition to the Philippines, 1907-1910. 30. 

Cuunc, In-Cuo. New Korean grasses and new 
names of grasses to be validated before pub- 
lication of a manual of the grasses of Korea. 
210. 

CxiarK, R. B., and Jones, Merepitu L. 
Nephtys (Annelida, Polychaeta) 
Francisco Bay. 143. 

Coruiss, Epiru L. R. 
na! analysis. 359. 

CumMinGs, Ropert H. Stacheoides, a new fora- 
miniferal genus from the British Upper Paleo- 
zoic. 342. 

- . New genera of Foraminifera from the 
British Lower Carboniferous. 1. 

Curtis, H. L. Development in Washington of a 
subspecies of the genus Homo, sapiens scien- 
tifica, the members of which no longer adorn 
themselves by wearing ‘“‘tails.’’ 131. 

Deranporr, Francis M. A tree from the view- 
point of lightning. 333. 

Dermen, Hara. A 2-4-2 chimera of McIntosh 
apple. 324. 

Drake, Cart J., and MaLpoNnapo-CapRILgs, J. 
New apterous Aradidae from Puerto Rico 
(Hemiptera). 289. 

DrecHSLER, CHARLES. -A 


Two new 
from San 


Limitations on rapid sig- 


small Conidiobolus 


with globose and with elongated secondary 
cinidia. 114. 

a . A southern Basidiobclus forming many 
sporangia from globose and from elongated 
adhesive conidia. 49. 





385 


Duryee, WILLIAM R.* 
cancer cell. 383. 

Evuiotr, Francis E., Myers, WiLuiAM H., and 
TressLeR, Witutis L. A comparison of the 
environmental characteristics of some shelf 
areas of eastern United States. 248. 

Ericksen, J. L. A consequence of inequalities 
proposed by Baker and Ericksen. 268. 

———. Note concerning the number of direc- 
tions which, in a given motion, suffer no in- 
stantaneous rotation. 65. 

Fan, Ky, Taussky, OuGa, and Topp, JoHn. An 
algebraic proof of the isoperimetric inequality 
for polygons. 339. 

Faust, George T. Thermal analysis and X-ray 
studies of griffithite. 66. 

Ferun, H. J. See Karasinos, J. V. 103. 

Fitcu, Joun E. Pontinus clemensi, a new scor- 
paenoid fish from the tropical eastern Pacific. 
61. 

Fraser, [an M. 

GREENSPAN, MARTIN. 
frequencies. 229. 

HasBexkost, Ropert C., Fraser, Ian M., and 
HausteaD, Bruce W. Observations on toxic 
marine algae. 101. 

Haui, E. RaymMonp. A new subspecies of wood 
rat from Nayarit, Mexico, with new name- 
combinations for the Neoloma mexicana 
group. 328. 

Hausteap, Bruce W. See Hapekost, Rosert C. 
101. 

HaNbLeEy, CuHarues O., Jr. A new Pleistocene 
bat (Corynorhinus) from Mexico. 48. 

New bats of the genus Corynorhinus. 147. 

Haywoop, Oxtver G., Jr.* Military decision 
and the mathematical theory of games. 380. 

Henrict, Peter. Application of two methods 
of numerical analysis to the computation of 
the reflected radiation of a point source. 38. 

Hess, W. C., and Suarrran, 1. P. The influence 
of intramuscular and oral cortisone and 
hydrocortisone on liver glycogen formation 
by DL alanine. 134. 

HorrMEIsTER, DonaLD F. Descriptions of pocket 
gophers (Thomomys bottae) from northeastern 
Arizona. 126. 

IntG, Paut L. A new species of Pararchinoto- 
delphys (Copepoda: Cyclopoida) with re- 
marks on its systeraatic position. 216. 

JAMES, Maurice T. See NewnHouss, VERNE F. 15. 


Some new aspects of the 


See HaBekost, RopertC. 101. 
The electrometer at high 














386 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


See CiarK, R. B. 148. 
Bactericidal 


Jones, Merepits L. 

KaRABINOS, J. V., and Feruin, H. J. 
activity of ozonized olefins. 103. 

KNiGut, KENNETH L. See Stone, ALAN. 282. 

Lanzcos, C. Spectroscopic eigenvalue analysis. 
315. 

LARSEN, EstHer Loutse. 
orological observations in 
269. 

Lippy, W.F. Tritium in nature. 301. 

LorpELLo, Luiz GonzaGa E. A new nematode, 
Rotylenchus melancholicus, n. sp., found asso- 
ciated with grass roots, and its sexual di- 
morphism. 81. 

MALDONADO-CaAPRILES, J. 
289. 

McKenna, Matcotm C. A new species of myla- 
gaulid from the Chalk Cliffs local fauna, 
Montana. 107. - 

MeNisu, A. G.* The effects of the moon on the 
earth’s outer atmosphere. 380. 

Mercatr, Z. P. New names in the Homoptera. 
262. 

Morrison, J. P. E. Conus eldredi, new name for 
one of the poison cones. 32. 

Notes on American cyclophoroid land 
snails, with two new names, eight new species, 
three new genera, and the family Amphicy- 
clotidae, separated on animal characters. 149 

Myers, Wituiam H. See Exsiorr, Francis E. 
248. 

NEWHOUSE, VERNE F., WaLkER, Davip W., and 
James, Maurice T. The immature stages of 
Sarcophaga cooleyi, S. bullata, and S. sher 
mani (Diptera: Sarcophagidae). 15. 

NewMaN, Wa.LTER B. Desmognathus planiceps, a 
new salamander from Virginia. 83. 

OBERHOLSER, Harry C. Description of a new 
chipping sparrow from Canada. 59. 

OBERLING, JOHN J. Shell structure 
American Pelecypoda. 128. 

OsporNn, Joun A.* ONR program of sponsored 
research in magnetism. 382. 

Pace, Cuester H. Message from the Editor- 
elect. 165. 

Pepinsky, Ray.* X-ray analysis as a tool in 
biochemistry. 384. 

PreTTiBONE, Martan H. New species of poly- 
chaete worms of the family Polynoidae from 
the east coast of North America. 118. 

PitrMaN, MARGARET. Announcement 
tion of Editor. 165. 

REINHARD, Epwarp G. 
found on brachyuran 
Indian region. 75. 

Ruopes, Ipa. See BLancu, GERTRUDE. 166. 

Riviin, Ronatp 8.* Some recent developments 
in continuum mechanics. 379. 

Saip, Rusup1. Foraminifera from some ‘‘Plio- 


Pehr Kalm’s mete- 
North America. 


See Drake, Cari J. 


of West 


of elec- 


Rhizocephala 
the West 


Some 
crabs in 


cene”’ rocks of Egypt. 8. 


VOL. 45, No. 12 


Semiconductors. 378. 
See Smitu, Lyman B 


ScanLton, WAYNE W.* 

ScHuBeErRT, BERNICE G. 
110. 

SEEGER, RaymMonv J. On the liberal sciences. 61 

SHAFFRAN, I. P. See Huss, W.C. 134. 

SuHaprro, Maurice M.* New unstable particles 
in the cosmic radiation. 382. 

SHOEMAKER, CLARENCE R. Notes on the amphi- 
pod crustacean Maeroides thompsoni Walker. 
59. 

SrinGLetTerRRY, C. R.* Particle size from fluores- 
cence depolarization. 377. 

Suiater, J.C.* The nature of the chemical bond. 
378. 

Smart, J. SAMUEL.* 
SmituH, Lyman B. 
gams. 197. 

and ScHuBERT, BERNICE 
the Begoniaceae, IV. 110. 

Smout, ALAN H. Reclassification of the Rotalii- 
dea (Foraminifera) and two new Cretaceous 
forms resembling Elphidium. 201. 

Souns, Ernest R. Cenchrus and Pennisetum: 
Fascicle morphology. 135. 

STeuxui, Francis G. Notes on Permian rhyncho 
nellids. 70. 

Stone, ALAN, and Knicut, KenNetu L. Type 
specimens of mosquitoes in the United States 
National Museum: I, The genera Armigeres, 
Psorophora, and Haemagogus (Diptera, Culi- 
cidae). 282. 

Srrauss, Jerome. High-strength cast iron: Ap- 
praisal and forecast. 233. 

SrrRimpLeE, HarrRevt L. A new species of Cym- 
biocrinus from the Pitkin. 14. 

——— rT AL. New Ordovician echinoderms. 347. 

Taussky, Orca. See Fan, Ky. 339. 

Topp, Joun. See Fan, Ky. 339. 

TrREssLeR, Witurs L. See Exvxviorr, Francis E. 
248. 

Vokes, H. Ek. Cenozoic pearls from the Atlantic 
Coastal Plain. 260. 

Von Branp, THeopor. Anaerobiosis in Austral- 
orbis glabratus: Temperature effects and tis 
sue hydration. 373. 

Waker, Davip H. See NewnHoust, VERNE H. 
15. 

Weser, Neat A. Fungus-growing ants and their 
fungi: Cyphomyrmex rimosus minutus Mayr. 
275. 

Wex.ier, H. Dynamic linkages between westerly 
waves and weather. 46. 

WixuraMs, Austin B. The genus Ogyrides (Crus- 
tacea: Caridea) in North Carolina. 56. 

Wixturamson, A. A. The unitary principle. 33. 

Witson, E. Bricut.* Some famous scientific 
blunders. 378. 

Wirtu, Wititis W. Three new species of Culi- 
coides from Texas (Diptera: Heleidae). 355. 


Antiferromagnetism. 381. 
Notes on Brazilian phanero- 


G. Studies in 








Bio 


Biol 


Bota 


Chem 


Edite 
Entoi 


Genere 


Herpel 


Histor 
| 


Hydrog 
( 








61 
les 


hi- 
er. 


TO- 
in 


lii- 
ous 
im 
ho 

ype 
ites 
res, 
uli- 
Ap- 


ym- 


347. 


» E. 
ntic 


ral- 
tis 


#—. 


heir 
ayr. 


erly 


rus- 


tifie 


‘uli- 
5. 








DECEMBER 1955 





INDEX 387 


SUBJECT INDEX 


Biochemistry. Bactericidal activity of ozonized 
ole fins. J. V. Karapinos and H. J. Frer- 
LIN. 103. 

The influence of intramuscular and coral 
cortisone and hydrocortisone on_ liver 
glycogen formation by DL alanine. W. C. 
Hess and I. P. SHarrran. 134. 

*X-ray analysis as a tool in biochemistry. 
Ray PEepinsky. 384. 

Biology. The unitary principle. A. A. WiLiram- 
son. 33. 

Fungus-growing ants and their fungi: Cyph- 
omyrmex rimosus minutus Mayr. NEAL A. 
WEBER. 275. 

Botany. A 2-4-2 chimera of McIntosh apple. Hare 
DERMEN. 324. 

Cenchrus and Pennisetum: Fascicle morphol- 
ogy. Ernest R. Souns. 135. 

New Korean grasses and new names of grasses 
to be validated before publication of a 
manual of the grasses of Korea. INn-CHo 
Cuuna. 210. 

Notes on Brazilian phanerogams. Lyman B. 
Situ. 197. 

Studies in the Begoniaceae, IV. Lyman B. 
Smitru and Bernice G. ScuusBerr. 110. 
Chemistry. *Color and chemical constitution. 

Wa .uace R. Brope. 379. 

Editorials. 133, 165. 

Entomology. New apterous Aradidae from Puerto 
Rico (Hemiptera). Cart J. Drake and J. 
MALDONADO-CAPRILES. 289. 

New names in the Homoptera. Z. 
CALF. 262. 

Some work of the periodical cicada. E. A. 
ANDREWS. 20. 

The immature stages of Sarcophaga cooleyi, 
S. bullata, and S. shermani (Diptera: Sar- 
cophagidae). VERNE F. Newnovuse, Davip 
W. Wacker, and Maurice T. James. 15. 

Three new species of Culicoides from Texas 
(Diptera: Heleidae). Witiis W. Wirtu. 355. 

Type specimens of mosquitoes in the United 
States National Museum: I, The genera 
Armigeres, Psorophora, and Haemagogus 
(Diptera, Culicidae). ALAN STONE and KEN- 
NETH L. KNIGHT. 282. 

General science. On the liberal sciences. RaYMOND 
J. Seecer. 361. 

* Some famous scientific blunders. E. BRIGHT 
Witson. 378. 

Herpelotogy. Desmognathus 
salamander from Virginia. 
NEWMAN. 83. 

History of science. The development in Washing- 
ton of a subspecies of the genus Homo, 
sapiens scientifica, the members of which no 
longer adorn themselves by wearing ‘‘tails.’’ 
H. L. Curtis. 131. 

Hydrography. A comparison of the environmental 

characteristics of some shelf areas of eastern 

United States. Francis E. Exuiorr, Wi1- 

LIAM H. Myers, and Witus L. TREssLER. 

248. 


P. Met- 


planiceps, a new 
Water B. 





Ichthyology. Fiatfishes of the genus Symphurus 
from the U.S.S. Albatross Expedition to the 
Philippines, 1907-1910. Pau CHABANAUD. 
30. 

Pontinus clemensi, a new scorpaenoid fish from 
the tropical eastern Pacific. Joun E. Fitcn. 
61. 

Letters to the Editor. 229, 268, 359. 

Malacology. Conus eldredi, new name for one of 
the poison cones. J. P. E. Morrison. 32. 

Notes on American cyclophoroid land snails, 
with two new names, eight new species, 
three new genera, and the family Amphicy- 
clotidae, separated on animal characters. 
J.P. E. Morrison, 149. 

Shell structure of West American Pelecypoda. 
Joun J. OBERLING. 128. 

Maminalegy. A new subspecies of wood rat from 
Nayarit, Mexico, with new name-combina- 
tions for the Neotoma mexicana group. E. 
RayMonpD Hatt. 328. 

Descriptions of pocket gophers (Thomomy: 
bottae) from northeastern Arizona. DoNALD 
F. HorrMeErstTer. 126. 

New bats of the genus Corynorhinus. CHARLES 
O. HANDLEY, JR. 147. 

Mathematics. A consequence of inequalities pro 
posed by Baker and Ericksen. J. L. Ericx- 
SEN. 268. 

An algebraic proof of the isoperimetric ine- 
quality for polygons. Ky Fan, OutGa Tavus- 
sky, and JoHNn Topp. 339. 

Application of two methods of numerical 
analysis to the computation of the re- 
flected radiation of a point source. PETER 
HENRICI. 38. 

*Military decision and the mathematical 
theory of games. O_iver G. Haywoon, JR. 
380. 

Note concerning the number of directions 
which. in a given motion, suffer no instan- 
taneous rotation. J. L. Ericksen. 65. 

Spectroscopic eigenvalue analysis. C. Lanz- 
cos. 315. 

Table of characteristic values of Mathieu’s 
equation for large values of the parameter. 
GERTRUDE BLANCH and Ipa Ruopgs. 166. 

Medicine. *Some new aspects of the cancer cell. 
WiiiiaM R. DuyrReE. 383. 

Metallurgy. High-strength cast iron: Appraisal 
and forecast. JEROME STRAUSS. 233. 

Meteorology. Dynamic linkages between westerly 
waves and weather. H. Wex.er. 46. 

Pehr Kalm’s meteorological observations in 
North America. Ester Louise LARSEN. 
269. 

Mineralogy. Thermal analysis and X-ray studies 
of griffithite. Georce T. Faust. 66. 

Mycology. A small Conidicbolus with globose and 
with elongated secondary conidia. CHARLES 
DRESCHLER. 114. 

A southern Basidiobolus forming many spo- 

rangia from globose and from elongated 

adhesive conidia. CHARLES DRESCHLER. 49. 


388 


Nematology. A new nematode, Rotylenchus melan- 
cholicus, n. sp., found associated with grass 
roots, and its sexual dimorphism. Luiz 
GonzaGa E. LorpE vo. 81. 

New members of the Academy. 97. 

Ornithology. Description of a new chipping spar 
row from Canada. Harry C. OBERHOLSER. 
59. 

Paleontology. A new Pleistocene bat (Coryno- 
rhinus) from Mexico. CHARLES O. HANDLEY, 
Jr. 48. 

A new species of Cymbiocrinus from the Pit- 
kin. HARRELL L. STRIMPLE. 14. 

A new species of mylagaulid from the Chalk 
Cliffs local fauna, Montana. Matcoum C. 
McKenna. 107. 

Cenozoic pearls from the Atlantic Coastal 
Plain. H. E. Voxgs. 260. 

Foraminifera from some ‘‘Pliocene’ 
Egypt. Rusupi Sar. 8. 

New genera of Foraminifera from the British 
Lower Carboniferous. Roperr H. Cum- 
MINGS. l. 

New Ordovician echinoderms. 
STRIMPLE ET AL. 347. 

Notes on Permian rhynchonellids. Francis 
G. STex.t. 70. 

Reclassification of the Rotaliidea (Foraminif- 
era) and two new Cretaceous forms re- 
sembling Elphidium. ALAN H. Smovt. 201. 

Stacheoides, a new foraminiferal genus from 
the British Upper Paleozoic. Roperr H. 
CuMMINGsS. 342. 

The pelecypod family Corbiculidae in the 
Mesozoic of Europe and the Near East. 
RAYMOND Casey. 366. 

Physical chemistry. Tritium in nature. W. F 
Lipsy. 301. 

Physics. *Antiferromagnetism. J. SAMUEL SMART. 
381. 

A tree from the standpoint 
Francis M. DeranporrF. 333. 

Limitations on rapid signal analysis. Eprrx 
L. R. Coruiss. 359. 


, 


rocks of 


HARRELL L. 


of lightning. 


JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


VOL. 45, No. 12 


*New unstable particles in the cosmic radia 
tion. Maurice M. Suapiro. 382. 

*Particle size from fluorescence depolariza- 
tion. C. R. SINGLETERRY. 377. 

*Semiconductors. WAYNE W. ScaNLon. 37s. 

*Some recent developments in continuum 
mechanics. RONALD 8. Riviin. 379. 

*The effects of the moon on the earth’s outer 
atmosphere. A. G. McNisu. 380. 

The electrometer at high frequencies. Mar- 
TIN GREENSPAN. 229. 

*The nature of the chemical 
SLATER. 378. 

*The ONR program of sponsored research in 
magnetism. JoHN A. OsBoRN. 382. 

Physiology. Anaerobiosis in Australorbis glabratus: 
Temperature effects and tissue hydration. 
THEODOR VON BRAND. 373. 

Toxicology. Observations on toxic marine algae. 
Rosert C. Hasexost, Ian M. FRaAser, 
and Bruce W. Hatsteap. 101. 

Washington scientific news. 162, 200, 232, 346. 

Zoology. A new species of Pararchinotodelphys 
(Copepoda: Cyclopoida) with remarks on 
its systematic position. Pau L. ILua. 216. 

New species of polychaete worms of the family 
Polynoidae from the east coast of North 
America. MARIAN H. PetrrBone. 118. 

Notes on the amphipod crustacean Maeroides 
thompsoni Walker. CLARENCE R. SuHog- 
MAKER. 59. 

Remarkably preserved fossil sea-pens and their 
Recent counterparts. Freperick M. Bayer. 
294. 

Some Rhizocephala found on  brachyurap 
crabs in the West Indian region. Epwarp G. 
REINHARD. 75. 

The genus Ogyrides (Crustacea: Caridea) in 
North Carolina. Austin B. Wriuras. 56. 
The isopod genus Chiridotea Harger, with a 
description’of a new species from brackish 

waters. THomas E. Bowman. 224. 

Two new Nephtys (Annelida, Polychaeta) 
from San Francisco Bay. R. B. CLarK and 
Merepith L. Jongs. 143. 


bond. J. CG. 











ee a 


a 


. , Ve 


